TEXT FLY WITHIN 
THE BOOK ONLY 



UNIVERSAL 

LIBRARY 



OU 162840 > 

— ?3 

-< 


UNIVERSAL 




Osmania University library 

Call No.^<g Accession No. C 2 .I 23 - 

Author p ( <^ 

title 

This book should be returned on qj before the date 
last marked below- 






THE STRUCTURE 
AND REPRODUCTION OF 
THE ALGAE 




Frontispiece. Habits of Melobesieae (after Foslie). A, hiihophyllum expansurn 
Phil. f. stictaeformis (Aresch.) Foslie. B, G, Lithothamnion calcareum (Pall.) 
Aresch. f. coralloides (Cm.) Foslie. C, L. glaciale Kjellm. f. subfastigiata 
Foslie. D, L. indicum Foslie. E, L. colliculosum Foslie. F, L. lichenoides 
(Ell. & Sol.) Foslie f. agariciformis (Johnst.) Foslie. H, L. calcareum (Pall.) 
Aresch. f. cornpressa (Me Calla) Foslie. I, L. lichenoides (Ell. & Sol.) Foslie f. 
depressa Foslie. J, L. Patena (Hook. & Harv.) Heydr. 



THE STRUCTURE 
AND REPRODUCTION OF 
THE ALGAE 


VOI.UME II 

Foreword, Phaeophyccae, Rhodophyceac, 
Myxophyceae 

BY 

F. K. FRITSCn 


CAMBRIDGE 

AT THE UNIVEKSI l'Y PRESS 


1945 



Published by the Syndics of the Cambridge University Press 
Bentley House, 200 Euston Road, London nwi 2db 
American Branch: 32 East 57th Street, New York, n.y. 10022 

ISBN: o 521 05042 I 

First edition 1945 
Reprinted 1952 

1959 

1965 

1972 

First printed in Great Britain 
at the University Press, Cambridge 

Reprinted in (}reat Britain 

by Kingprint Ltd., Orchard Road, Richmond, Surrey 



CONTENTS 


Melobesieae .... 

. Frontispiece 

Preface to Volume II 

page xiii 

Foreword .... 

I 


The Geographical Distribution of Seaweeds 
Literature of Foreword .... 


7 

13 


CI.ASS IX. PHAEQPHYCEAE .... 
fl’he General Features of Vegetative Construction 

^rhe Cell-wall 

The Protoplast ....... 

Chromatophores and Pigments .... 

Fucosan-vesicles ....... 

Products of Photosynthesis ..... 

Iodine ........ 

The Nucleus ....... 

I'he General Facts of Reproduction 
Classification and Status of Phaeophyceae 
jj^iterature relating to the Introductory Discussion of 
the Phaeophyceae ...... 


19 

20 

24 

25 

27 

31 

33 

34 

35 
37 
40 

42 


Order I. Ectocarpales ...... 49 

General Characteristics . . . . , . . 49 

Geographical Distribution and Occurrence . .‘ 51 

The General Features of Vegetative Organisation . 52 

(^i) The simple filamentous Types and their im- 
mediate derivatives (Ectocarpaceae) . . 52 

{b) The Haplostichous Ectocarpales ... 60 

Crust- and Cushion-forming Types . . 60 

Gelatinous Cushion-forms . . . . 71 

Cylindrical Uni- and Multiaxial Types . 76 

The Spermatochnaceae . . . . .90 

The Genus Splachnidiiim ^ . . . 95 



VI 


CONTENTS 


Order I. Ectocarpales (cont.) 

(c) The Polystichous Ectocarpales . . page 96 

Punctariaceae ...... 97 

Asperococcaceae . . . . .103 

Encoeliaceae (sensu Oltmanns) . . .108 

Dictyosiphonaceae . . . . .112 

The General Features of Reproduction . . .117 

The Life-cycle in the Ectocarpales . . . .126 

{a) Forms with Isomorphic Alternation . . 127 

[b) Forms with Heteromorphic Alternation . . 130 

(c) Modified Types of Life-cycle . . .137 

Status and Classification of Ectocarpales . . . 138 

Literature of Ectocarpales . . . . .140 

Order II. Tilopteridales . . . . .148 

Vegetative Features ...... 149 

The Reproductive Organs . . . . .149 

The Problems presented by the Life-cycle . . 153 

Literature of Tilopteridales . . . . .156 

Order III. Cutleriales . . . . .157 

The Sexual Phase . . . . . .159 

The Asexual Phase . . . . . .163 

The Problems presented by the Life-cycle of Cutleria 165 
Affinities of Cutleriales . . . . .169 

Literature of Cutleriales . . . . .170 

Order IV. Sporochnales . . . . .171 

The Sporophyte . . . . . . .173 

The Gametophyte . . . . . .177 

Affinities of Sporochnales . . . . .179 

Literature of Sporochnales . . . . .179 

Order V. Desmarestiales . . . . .180 

Structure of the Sporophyte . . . . .182 

The Reproductive Processes . . . . .187 

Development of the Sporophyte . . . .189 

The Status and Affinities of Desmarestiales . . 189 

Literature of Desmarestiales . . . . .191 



CONTENTS 


vii 

Order VI. lamjnariales. .... page 192 

The Morphological Features of the Sporophyte . 193 

The Family Chordaceae . . . . .193 

The Family Laminariaceae . . . . .193 

The Family Lessoniaceae ..... 203 

The Family Alariaceae . . . . .213 

The Anatomical Structure of the Sporophyte . . 221 

(a) Chorda . . . . . . .221 

{b) The early Development of other Laminariales . 223 

(t:) The Structure of the Stipe .... 226 

(d) The Structure of the Lamina . *235 

{e) Mucilage-canals ...... 238 

(/) Origin of Splits and Perforations . . . 240 

{g) Air-bladders ...... 243 

\h) The Haptera ...... 243 

Asexual Reproduction ...... 244 

The Gametophytes ...... 247 

The Status of the Laminariales . . . .251 

Classification and Geographical Distribution . . 253 

Literature of Laminariales . . . . .255 

Order VII. Sphacelariales ..... 260 

Habit and Geographical Distribution . . . 262 

The Erect System ...... 265 

{a) The Apical Cell and its Mode of Segmentation . 265 

(b) Cortex-formation. ..... 268 

(c) The Method of Branching . . . .271 

The Prostrate System ...... 279 

Vegetative Reproduction ..... 283 

The Arrangement of the Sporangia . . . .285 

The Life-cycle . . . . . . .291 

The early Stages of Development .... 294 

The Genus Choristocarpus ..... 297 

The Affinities and Status of Sphacelariales . . 299 

Literature of Sphacelariales . . . . .300 



CONTENTS 


viii 

Order VIII. Djctyotales .... page 302 

Vegetative Structure ...... 302 

The Asexual Reproductive Organs . . . . 3 1 1 

The Sexual Reproductive Organs . . . . 313 

The early Development of the I’hallus . . . 317 

The Life-cycle . . . . . . .318 

Affinities of Dictyotales . . . . .319 

The Genus Dictyotopsis . . . . . .320 

Literature of Dictyotales . . . . .321 

Order IX. Fucales . . . . . .322 

External Morphology . . . . . .324 

(a) Fucus and its Allies (Fucaceae) . . .324 

{h) The Genus Himanthalia . . . .331 

(^) Halidrys, CystoseirUy and their Allies (Cysto- 

seiraceae) . . . . . -332 

(d) Sargassum and its Allies (Sargassaceae) . . 339 

(e) Ilormosiraceae ...... 344 

(/) Durvilleaceae ...... 344 

Early Development, Apical Growth, and Branching . 346 

Anatomical Structure ...... 355 

Wound-healing and Adventitious Shoots . . 361 

Development of the Conceptacles . . ‘ . . 362 

The Structure of the Mature Conceptacles . , 366 

Sexual Reproduction ...... 368 

Affinities of Fucales ...... 380 

The Ecology of Fucales . . . . . 382 

Literature of Fucales . . . . . -3^9 

CLASS X. RHODOPHYCEAE .... 397 

The Cell-wall ....... 399 

The Protoplast . . . . . . .401 

Chromatophores and Pigments .... 402 

The Photosynthetic Products ..... 409 

The Nucleus . . . . . . .412 



CONTENTS 


IX 


CIASS X. RHODOPHYCEAE {cont.) 

The General Features of Reproduction . . page 413 

Classification and Status of Rhodophyceae . . 415 

Literature relating to the Introductory Discussion of 

Rhodophyceae . . . . . .417 

Sub-class I. BANGIOIDEAE .... 423 

Order Bangiales ...... 423 

Vegetative Structure ..... 423 

(i) Bangiaceae ...... 423 

(ii) Porphyridiaceae ..... 427 

Reproduction of Bangiales .... 430 

The Life-cycle of Bangiales . . . -435 

The Affinities and Status of Bangiales . . 437 

Uncertain Bangiales ..... 438 

Literature of Bangioideae . . . .441 

Sub-class II. FLORIDEAE .... 444 

A. The Vegetative Organs. .... 444 

1. The General Features of Thallus-structure . 444 

2. Pit-connections ...... 446 

3- Hairs 449 

4. Simple Filamentous Types .... 450 

5. The simpler Types of Uniaxial Construction 

and their Elaboration .... 454 

6. The simpler Types of Multiaxial Construction 

and their Elaboration .... 468 

7. Specialised Uniaxial Types among Nema- 

lionales ...... 479 

8. The more specialised Uni- and Multiaxial 

Types among Cryptonemiales and Gigar- 
tinales ...... 482 

{a) Uniaxial Forms .... 482 

(b) Multiaxial Forms .... 494 

9. Crust-forming Types among Cryptonemiales. 502 

10. The special Development of the Multiaxial 

Type among Rhodymeniales. . . 51 1 



X 


CONTENTS 


Sub-class II. FLORIDEAE (cont.) 

1 1 . The special Developments of the Uniaxial Type 

among Ceramiales . . . page 517 

{d) Ceramiaceae . . . . .518 

(6) Delesseriaceae . . . . .529 

(c) Rhodomelaceae . .... 543 

(i) Rhodomelaceae with Radial Con- 

struction . ... . 543 

Polysiphonieae and Lophotha- 

lieae . . . . -543 

Bostrychieae and Rhodomeleae 551 

Chondrieae and Laurencieae . 554 

(ii) Rhodomelaceae with Bilateral and 

Dorsiventral Construction . 558 

Pterosiphonieae and Herpo- 

siphonieae . . . -558 

Polyzonieae . . . .564 

Amansieae . . . .568 

(d) Dasyaceae ..... 572 

12. Parasitic Florideae ..... 578 

13. Special Morphological and Biological Features 584 

(a) Light-reflecting Bodies . . . 584 

(b) Vesicular Cells ..... 585 

(e) Tendrils ...... 588 

(d) Wound-healing and Regeneration . 590 

(e) Loose-lying Forms . . . .591 

B. The Processes of Reproduction . . .591 

1. The General Features of Reproduction. . 591 

(a) The Female Organs .... 592 

(b) The Male Organs .... 593 

(c) Fertilisation ..... 596 

(d) Post-fertilisation Changes and the gene- 

ral Features of the Life-cycle . 599 

(e) Tetrasporangia and Tetraspores . . 602 

(/) The Reduction Division . . . 604 

(g) The early Stages in Germination. . 607 

2. The Haplobiontic Types (Nemalionales) . 608 

(a) Sexual Reproduction and Carpospore- 

formation ..... 608 

(b) General Survey of the Life-cycle . . 622 



CONTENTS 


XI 


Sub-class II. FLORIDEAE {cont.) 

3. The Gelidiales . page 628 

4. The Diplobiontic Type among Cry ptonemiales 630 

{a) The Sexual Phase in the Non-nema- 

thecial Types .... 630 

{b) The Sexual Phase in the Nemathecial 

Types. ..... 642 

(c) Corallinaceae ..... 644 

{d) The Family Choreocolaceae . . 650 

(e) The Tetrasporangiate Phase . . 652 

5. The Diplobiontic Type among Gigartinales . 656 

{a) The Sexual Phase .... 656 

(i) Gigartinales without Procarps . 657 

(ii) Gigartinales with Procarps . . 663 

(iii) Phyllophoraceae and Gigartinaceae 669 

{b) The Tetrasporangiate Phase . . 673 

6. The Diplobiontic Type among Rhodymeniales 674 

{a) The Sexual Phase .... 674 

{b) The Tetrasporangiate Phase . . 682 

7. The Diplobiontic Type among Ceramiales . 683 

{a) The Sexual Phase .... 683 

(i) Ceramiaceae .... 683 

(ii) Delesseriaceae .... 694 

(iii) Rhodomelaceae . . . .701 

(iv) Dasyaceae .... 709 

{b) The Asexual Phase . . . . 712 

(i) Ceramiaceae . . . . yiz 

(ii) Delesseriaceae . . . . 714 

(iii) Rhodomelaceae. . . . 716 

(iv) Dasyaceae . . . . 719 

(c) Interrelationships of Ceramiales . . 719 

8. General Consideration of the Life-cycle of the 

Diplobiontic Florideae. . . . 722 

The Distribution of Sexual and Asexual 

Reproductive Organs . . . 722 

Special Types of Asexual Reproduction . 728 

Modified Life-cycles . . . *731 

C. The Detailed Classification of Florideae . . 737 

Literature of Florideae • . . . . . 747 



xii 


CONTENTS 


CLASS XL MYXOPHYCEAE (CYANOPHYCEAE) 

page 768 

{a) The Structure of the Cell ..... 770 

The General Features of the Protoplast . . 770 

> Pseudo- vacuoles . . . . . .772 

Centroplasm (Central Body) .... 775 

The Chromatoplasm and its Pigments . . 780 

Chromatic Adaptation ..... 783 

The Products of Photosynthesis . . . 786 

'The Cell-membrane ..... 787 

b) Mucilage-envelopes and Sheaths . . . 792 

'c) The Heterocyst ...... 796 

d) Movements ....... 800 

e) The Processes of Reproduction .... 804 

Hormogonia and Hormocysts . . . 804 

Tiesting Spores (Akinetes) .... 807 

Endospores, . . . . . .811 

Exospores . . . . . . .813 

(/) The Range in Vegetative Construction . . 813 

1. Chroococcales . . . . . .814 

2. Chamaesiphonales . . . . .819 

3. Pleurocapsales . ..... 822 

4. Nostocales ...... 829 

Oscillatoriaceae ..... 829 

Nostocaceae . . . . .832 

Rivulariaceae . . . 837 

Scytonemataceae ..... 842 

. 5. Stigonematales ..... 848 

[g) The Interrelationships and Affinities of Myxo- 

phyceae . . . . . . .856 

(A) The Distribution, Ecology and Biology of Myxo- 

phyceae ....... 862 

The General Facts of Distribution . . . 862 

Lime-boring and Lime-depositing Forms . 866 

The Process of Nutrition .... 870 

Symbiotic Blue-green Algae .... 872 

Literature of Myxophyceae ..... 878 

Index of Authors ....... 899 

Index of Contents ....... 909 



PREFACE TO VOLUME II 

The considerable delay in the appearance of this volume resulted 
from a variety of circumstances which were beyond my control. 
The manuscript was finally completed in September 1941, and any 
further delay in publication is due to the difficulties of the present 
situation. So far as it has been possible to obtain access to non- 
British periodicals, the current literature has been included up to 
the middle of 1943, the additional references being incorporated at the 
end of the main lists as in the first volume. In the frequent cross- 
references made to the subject-matter of that volume, it is always 
cited merely by the Roman numeral I. 

During the preparation of the sections dealing with the Brown 
and Red Seaweeds it became evident that a brief preliminary survey 
of their conditions of life and of their distribution in nature would 
not only be helpful in relation to the later matter, but would also 
prevent a certain amount of repetition. With these objects in view 
I have prefixed the subject-matter of the present volume with a Fore- 
word. A more exhaustive consideration of the topics dealt with in 
these preliminary pages was not feasible without unduly increasing 
the size of the book. Apart from this, the general treatment follows 
the same lines as in the first volume. In view, however, of the 
numerous synonyms (of which only the more essential have been 
mentioned), these have been specially indicated in the index. 

I have again to acknowledge the valuable help afforded by Olt- 
manns’ Morphologic und Biologic dcr Algcn. Special mention should 
also be made of C. Sauvageau's numerous researches on Phaeophy- 
ceae, of P. Kuckuck’s, L. Kolderup Rosenvinge’s, and H. Kylin’s 
many memoirs on Phaeophyceae and Rhodophyceae, and of L. 
Geitler*s contributions on Myxophyceae. A considerable number 
of the illustrations in this volume have been taken from the published 
works of these scientists who have contributed so much to the 
advancement of our knowledge of the three classes with which it 
deals. I am also greatly indebted to the University of Michigan 
Press and to Prof. W. Randolph Taylor for permission to make 
use of a considerable number of illustrations^ from the latter’s Marine 
Algae of the Northeastern Coast of North America. I am similarly 
indebted to the Trustees of the British Museum, London, for per- 
mission to reproduce figs. 18 B, 19 C, 27 A, 35 A, 36 A and I, 60 E, 
81 A, 91 C and F, 1 18 D, 154 A, 163 C, 170 B and C, 176 D, 186 H 
and 192 A from L. Newton’s Handbook of the British Seaweeds^ and to 

' All of those cited as “after Taylor” with the exception of figs. 24 C and 
109 A are from this source. 
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the University Press, Liverpool, for fig. 1 17 A taken from M. Knight's 
and M. W. Parke's Manx Algae. A few illustrations (figs. 83 A, 1 1 1 F, 
130 A and B, 163 A) are reproduced from the work of Oltmanns 
cited above, although current events have not admitted of obtaining 
sanction for their reproduction; it was, however, difficult, if not 
impossible, to find substitutes of a comparable degree of excellence. 
The photograph of Ecklonia buccinalis (fig. 79 A) was kindly sent 
me by Dr M. A. Pocock. Mr R. Cullen has again afforded in- 
valuable help in the photographic reproduction of the illustrations 
and has spared no pains to obtain the best results. 

I am greatly obliged to Dr F. M. Haines, who has read through all 
the sections dealing with physiological topics, and to Prof. E. G. 
Pringsheim who gave me the benefit of his criticism of the section 
dealing with Blue-green Algae. I am glad to have this opportunity 
of expressing my gratitude to the staff of the University Press for 
their important contribution towards the success of the two volumes. 

In concluding this work, which has taken up the major part of 
my leisure time during a period of fifteen years, I venture to express 
the hope that it will fulfil its purpose of giving an indication of what 
is known about the structure and reproduction of the Algae and 
of stimulating enquiry in the many directions in which our know- 
ledge of these matters is inadequate. 

F. E. FRITSCH 


CAMBRIDGE 
February 1943 



FOREWORD 


A large part of this volume deals with those classes of Algae that play 
a dominant role in the vegetation of the sea, and it is therefore 
appropriate to commence with a brief consideration of the conditions 
of life and distribution of seaweeds. By contrast to fresh-waters most 
seas afford two distinct habitats for the attached flora, viz. {a) the part 
of the shore that is twice daily covered and uncovered by the tides, 
and (b) the more extensive region below low-water mark in which the 
algal vegetation always remains submerged. 'I’hese regions, first 
designated littoral and sublittoral respectively by Kjellman(''6g) p. 57, 
(70)), manifestly offer different conditions of existence for the seaweed 
population.’ 

That of the littoral region, which is usually taken as extending 
down to the limit of neap tides, must be capable of surviving periods 
of exposure of varying duration, involving desiccation and insolation, 
with accompanying alterations in temperature, salt-concentration, 
hydrogen-ion-concentration, etc. 'I'he density of the population on 
rocky shores, especially in temperate seas, is testimony to the ability 
of littoral seaweeds to withstand the effects of diurnal exposure, the 
intensity of which progressively increases as high- tide level is ap- 
proached. The vertical range of the algal covering may, however, 
especially on exposed shores, extend to appreciably above even 
spring-tide level, where the only source of sea-water is afforded by 
spray during rough weather. All attempts to define this spray -zone 
more accurately have failed (cf. (10) p. 709, (^4) p. 14, (83) p. 66), and 
it is nowadays usually included in the littoral region. 

Many workers emphasise that the capacity of littoral, as contrasted 
with sublittoral, seaweeds to resist desiccation is one of the principal 
factors determining their existence in the intertidal zone ((37) p. 41, 
(46) p. 1 16, (51), (58), (59), (63) p. 325, (loi) p. 579, (103), (104)) ; Kaltwasser (66^ 
has investigated the effects of this factor on respiration and photo- 
synthesis. Desiccation is, however, not the only consequence of 
exposure. Littoral seaweeds must be able to withstand temperature- 
changes, involving in the higher latitudes subjection to frost during 
winter and strong insolation during summer (cf. (5) p. 390, (7), (70) 
p. II, (99) p. 829, (102), (118) p. 15, (160) p. 50), the latter factor becoming 
increasingly potent as the IVopics are approached. The Fucales, as well 
as other common Algae of the littoral region {Baufria fusco-purpureay 
species of PorphyrOy Chondrus cm/)wj),have been shown (82) to withstand 
exposure to low temperatures and FucuSy Porphyra and Enteromorpha 

^ Cf. especially (10) p. 708, (24), (80) p. 208, (81), (83) p. 66, (<>o) p. 6, (91) 
p. 120, (96) p. 35, (120), (128) p. 189, (i53«). Jonsson ((65) p. 80) distinguishes 
upper and lower littoral zones, the latter comprising the area exposed only 
at spring tides (cf. also (62) p. 191, (179)). 
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are stated to be able to survive temperatures of — 20° C. On the other 
hand diverse Mediterranean Florideae are killed by exposure to 1-2° C. 
((7) p. 391). Bangia fuscO’-purpurea and Urospora penicilliformis can also 
withstand high temperatures, and many other littoral Algae are possibly 
eurythermic forms ((113) p. 359). 

The effects of desiccation (cf. (6) p. 359) and of temperature-changes 
alike become more intense at successively higher levels on the shore, 
and this is also true of changes in salt-concentration, due either to 
evaporation or to dilutign by rain-water ((63) p. 325, (100), (172)). Seaweeds 
vary considerably in their capacity to survive immersion in hypo- and 
hypertonic sea-water ((6) p. 352; cf. also p. 401). Littoral forms, which 
are completely exposed during low water, can withstand concentrations 
ranging between 0-2 and 3 0 sea-water, while those which rarely become 
altogether dry or occupy rock-pools exhibit a more limited range 
(o-3-2*2); permanently submerged forms, on the other hand, are far 
more sensitive to concentration changes (range: 0-5-1 -4 sea-water; 
cf. also (9)). 

There is also a gradation in the period of exposure to light during 
low, and in the depth of submergence during high, tide, although the 
importance of this feature has in recent years been rather discounted 
((loi) p. 579, (119) p. 70). Movement of the water accelerates respiration 
and photosynthesis (45), especially in littoral Algae. A useful review of 
what is known in these respects is given by Bicbl (8); see also (190), as 
well as (141) on the culture of marine Algae. 

The often marked zonation of the seaweed population in the littoral 
region is no doubt a result of the progressive incidence of the exposure 
factors. It is strikingly demonstrated by the girdles of Fucaceae found 
on rocky shores in the North Temperate zone (p. 382) and is no less 
evident in the characteristic communities dominated by Florideae 
such as Laurencia pinnatijidayLomentaria articulatay Gigartina stellatUy 
as well as by species of Gelidium and Corallina in the lower parts 
of the littoral region (cf. (10) p. 732, (24) p. 33, (46) p. 103, (123) p. 89, 
(141a) p. 337, (142) p. 69). At the upper limit, where the conditions are 
extreme, zonation is usually most obvious. Characteristic representa- 
tives, which occupy more or less clearly marked belts in the upper 
littoral (inch the spray-zone) in the North Temperate zone, are species 
of Prasiola (P. stipitata) and UrosporUy Ulothrixflaccay Pelvetia canali- 
culatUy Fucus spiralisy Porphyra umbilicalisy Bangia fusco-purpureay 
Rivularia atray and Calothrix scopuloruniy with which are associated 
the lichens Verrucaria {V, mauray etc.) and Lichina and, in somewhat 
more shaded situations, the red alga Hildenbrandia, A comparable 
distribution is observable in the Mediterranean ((37) p. 179, (94) p. 197), 
and on the Atlantic coast of North America ((62), (166) p. 7). Mention 
should also be made of the characteristic belts of Chrysophyceae and 
other Algae found in the spray-zone on the British chalk-cliffs ((0 
p. 163) and of the blue-green communities inhabiting the limestone 
and dolomitic rocks of the Mediterranean (see p. 866). 
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In Other parts of the world Brown Algae do not play so conspicuous 
a part in the intertidal belt. Thus, on South African coasts Red Algae 
predominate ((6i) p. 19), in New Zealand the larger Brown Algae 
{Carpophyllum, Marginariella, Xiphophora^ etc.) occur at and below 
low-tide level ((112) p. 518), while in the Tropics the littoral zone may 
be occupied by considerable numbers of Florideae ((97) p. 46, (162) 
p. 200). On the Pacific coasts of North America species of Endocladia 
and Porphyra perforata often occupy more or less clearly marked 
zones near high-tide limit ((104 a) p. 64), while in South Africa 
P. capensis occurs at this level ((Oo) p. 145 ; cf. also (112) p. 526). In the 
Arctic ((71) p. 9) and Antarctic ((126a) p . 183, (156) p. 253) the littoral 
region is for the most part devoid of vegetation, which is largely the 
result of ice-action ((27) p. 447, (179) p. 64); the effect often continues 
into the upper part of the sublittoral ((130) p. 7). 

The rock-pools in the intertidal belt ((5) p. 383, (10) p. 735, (20), (47) 
p. 51, (63), (72), (142) p. 86, (155)) harbour a vegetation which usually 
differs more or less markedly from that on the rocks around, although 
varying in character at different levels on the shore; in the deeper 
pools there may be some vertical zonation. The desiccation factor is 
lacking, but in the higher pools, which are subjected to prolonged 
insolation, the water shows marked temperature variations, as well as 
changes in salt- and hydrogen-ion-concentrations. Photosynthesis of 
the seaweeds during low tide may result in a as high as 9-9 (2, 5). 
Many Algae can, however, exist in^II ranges of 6*8-9-6(84), although 
Gail (41) concludes that Fucus evanescens is killed by a pH above 8*7. 
According to Kylin the younger parts are in general more susceptible 
than the older to pH changes. Sand-covered rocks, as well as sandy 
pools ((123) p. 83, (177) p. 376), are often occupied by special com- 
munities. 

In the Baltic, in which there are practically no tides, a littoral region 
of the type just considered is lacking. On the other hand there is a 
limited zone that becomes uncovered at certain times of the year, largely 
as the result of wind-action, and this is nowadays usually defined as 
the littoral region ((31) p. 93, (32) p. 70, (50) p. 7, (83) p. 85, (91) p. 123, 
(108) p. 44, (161) p. 22). In certain respects it is more comparable to the 
periodically uncovered parts of the shore-line of a lake, and the pro- 
longed period of exposure results in the non-survival of the bulk of 
the vegetation, most of which consists of short-lived annuals. 

In the sublittoral region it is essentially quantity ((33) p. 637, 
(73), (119) p. 55) and quality (see p. 408) of the light that determines 
the zonation of the seaweed population ; such zonation is often plainly 
shown by the epiphytic growth on the larger submerged Phaeo- 
phyceae ((4) p. 422, (10) p. 757). Changes in temperature and salinity 
with increasing depth are, however, probably sometimes of some 
significance. The depth to which the sublittoral seaweeds extend 
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varies in different latitudes, being for instance much greater in the 
Mediterranean and other southern seas than in northern ones ((4) 
p. 414, (134a) p. 177). In the upper reaches Brown (especially 
Laminariales and certain Fucales) and Green Algae still play an 
important role, but in the deeper water Red Algae tend to predominate, 
although some green and brown forms occur at appreciable depths ((4) 
p. 473, (37) p. 84, (40) p. 286, (118), (139) p. 480, (164) p. 35, (179) p. 61). 

Many sublittoral seaweeds are no doubt shade-forms, with a low 
compensation point and capable of effective photosynthesis in weak 
light, whilst the littoral types include many sun-forms ((33) p. 637,(iooa)). 
Since, with increase of temperature the rate of respiration rises more 
rapidly than that of photosynthesis, sublittoral Algae in the warmer 
seas (especially in summer) will soon reach the compensation point 
with increasing depth. The fact that the majority of seaweeds on 
Swedish coasts show vegetative growth in winter and spring is 
attributed by Printz ((119) p. 58) to a low rate of respiration so that, 
in spite of the low light-intensity, an assimilatory gain is nevertheless 
possible (cf. also (34) p. 276, (52) p. 281, (77)). Brown and Green Algae 
of temperate zones seem in general to be adapted to higher light- 
intensities than the red forms ((33) p. 636, (34) p. 278), but the increasing 
importance of the latter in the warmer seas ((37) p. 281, (128) p. 173, 
(162) p. 199) and even in the littoral zone (cf. above) shows that there 
must be many Florideae capable of existence in strong light, the 
distribution of which is determined by other factors. The capacity of 
shade-forms to utilise and to withstand higher light-intensities varies 
for representatives of the three chief marine classes (33,101), green 
forms markedly surpassing Brown and Red Algae in both respects; 
deep-water members of these two classes exhibit relatively little 
increase in photosynthesis at the surface, although Brown Algae are 
relatively resistant to the stronger illumination. Such facts indicate 
the great differences in the attunement of marine Algae to intensity 
of illumination. 

Montfort ((loi) p. 579) concludes that it is mainly factors other than 
the quality or quantity of the light that prevent the penetration of 
the majority of littoral Algae into deeper water and that exclude 
sublittoral forms from the littoral region. An influence of light- 
intensity, difficult to dissociate from the higher humidity, is seen in 
the changed character of the seaweed-flora within caves ((1) p. 174, 
(10) p. 739, (24) p. 43, ( 35 ) p. 220, (80) p. 223, (141a) p. 344 > (*42) p. 83); 
here the vegetation, apart from harbouring certain characteristic 
species (Rhodochorton Rothii in northern waters), often includes a 
number of those otherwise found only in the sublittoral region. 

The character of the flora, though essentially the same in a given 
geographical area, exhibits numerous modifications in different 
habitats and at different seasons of the year (cf. e.g. (520) p. 48). In 
North Temperate seas and in the Mediterranean the littoral and the 
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upper parts of the sublittoral regions are the home of a considerable 
number of annuals (Ectocarpales, diverse Florideae) which are repre- 
sented only for a few months so that the richness and character of 
the vegetation varies with the seasons ((76) p. 12). Moreover, many 
of the perennials die down to a large extent in winter, only the basal 
attachment system or the larger axes persisting; many examples of 
this are given in the course of this volume. Some perennials {Hilden- 
brandia, Fucus serratus)^ however, may exhibit vegetative growth 
throughout the year ((80) p. 274). 

In North Temperate seas the flora is usually at its height in July 
and August, but a number of littoral seaweeds tend to disappear from 
between tide-levels with the onset of summer, although they may 
survive in the lower part of the littoral or sublittoral as the case may 
be ((76) p. 27, (123) p. 130); in other instances the distribution may be 
reversed (122). Similar, but more marked ‘‘migrations’’ are recorded 
for the Mediterranean ((4) p. 422), where the littoral vegetation, which 
is at its best during winter and spring (cf. also (112a) p. 71), becomes 
strongly reduced in summer when the sublittoral flora reaches a 
maximum. It can scarcely be doubted that the varying intensity of 
illumination over the year is the most important, although not the 
only, factor concerned. In the Arctic, where growth is most vigorous 
during spring and summer, there are scarcely any annuals ((10) p. 828, 
(71), (128) p. 239), while the littoral region of the Tropics is rich in 
perennials ((162) p. 218). 

Various schemes have been advanced for the ecological grouping of 
marine Algae. Those of Oltmanns ((115) p. 298), Funk ((40) p. 220), and 
Gisl^n ((47) p. 84) are based essentially on external form and, while this 
no doubt gives some index of the biological conditions, it cannot be 
regarded as affording a basis for a true ecological classification. The 
schemes proposed by Setchell ((15O p. 30, (152) p. 310) and Feldmann 
((37) p. 137) take a wider cognisance of the conditions of life, and the 
latter in particular endeavours to found a classification, analogous to 
that of Raunkiaer for land-plants. Setchell’s grouping is based prin- 
cipally on the conditions of illumination and the degree of exposure 
to wave-action, while that of Feldmann refers especially to the duration 
of life and the form in which the seaweed survives the dormant season. 
Among annuals he distinguishes Eclipsiophytes (persisting as minute 
filamentous growths, many Ectocarpales) and Hypnophytes (with 
dormant reproductive stages, e.g. Vaucheria piloholoides) ; among peren- 
nials Phanerophytes (entire thallus persisting, Codiuniy Halimedd)^ 
Chamaephytes (encrusting forms, Hildenhrandiay Melohesia)^ Hemi- 
phanerophytes (only part of erect thallus persisting, CystoseirUy Sar- 
gassuniy Sphaerococcus)y and Hemicryptophytes (only basal portion 
persisting, Acetahulariay Cladostephusy Rissoella), It must be noted, 
however, that exposure is a factor that enters only into the conditions 
of life in the littoral region. Moreover, the concepts of annual and 
perennial as applied to seaweeds are somewhat elastic, since the same 



6 


FOREWORD 


species may behave as an annual in one and as a perennial in another 
geographical area (cf. (lo) p. 826), or be annual in the littoral and 
perennial in the sublittoral region (cf. (139) p. 485). 

Data on the time of reproduction of seaweeds (cf. e.g. (10) p. 829, 
(18), (49) p. 144, (65) p. 172, (76), (80) p. 244, (93), (118), (121); and for the 
Mediterranean (40)) tend to show that the same species exhibits con- 
siderable variety in this respect in different regions. 

Since most seaweeds are lithophytes or epiphytes on the larger 
rock-inhabiting forms (especially Laminariales and Fucales), a rocky 
coast-line alone affords the substrata necessary for the development 
of a rich algal vegetation. Sandy or shingly shores are relatively poor, 
although a special facies is often developed on the mud-flats of salt- 
marshes ((is), (16), (17) p. 185 ; see pp. 383, 862). Even on rocky shores 
the abundance and composition of the algal flora depend to a con- 
siderable degree on the extent of wave-action ((10) p. 693, (24) p. 19, 
(91) p. 132, (123) pp. 75, 81, (184) p. 367); certain of the littoral 
Fucales, for instance, may be lacking or little represented where there 
is marked exposure to this influence ((24) p. 24; see p. 382). The angle 
of slope of the rock also affects the distribution of Brown Algae 
((68) p. 694, (123) p. 86, (184)). 

Biotic factors no doubt play a considerable role, although relatively 
little information is as yet available on this point. There is marked 
competition for a suitable substratum ((76) p. 28, (136) p. 21), although 
the stages in colonisation of new surfaces by littoral Algae are as yet 
little studied ((27) p. 477, (67), (124), (174), (182)). Plant and animal com- 
munities also compete with one another ((123) p. 80, (124) p. 431, (127)). 
Diverse Molluscs inter alia attack and devour seaweeds, especially 
the germlings,^ while Chemin ((19) p. 360) states that the carpospores 
of Red Algae are very liable to be devoured by Infusoria.^ 

Many land-locked seas fed by large rivers contain a smaller propor- 
tion of dissolved salts and of these the Baltic has been extensively 
studied. The effects on the vegetation are many. There is a considerable 
reduction in the number of species (cf. also (17s) p. 112, (179) p. 6), and 
certain of these are represented by reduced forms of smaller stature 
and usually of narrower dimensions ((80) p. 246, (91) p. 141, (131) p. 42, 
(161) p. 12, (183)), although it is possible that special races are involved. 
Certain Chlorophyceae, as well as Pylaiella rupincola^ Sphacelaria 
racemosa, etc., however, appear to be unaffected. The strongly dwarfed 

^ See (3), (16) p. 216, (18) p. 85, (78), (79) p. i5i» (98) p. 28, (116), (i 3 s), (137) 
p. 12, (168) p. 159, (171a) p. 60. 

* The relative distribution of fauna and seaweeds at different levels in the 
littoral region is dealt with by Colman ((23); cf. also (47) p. 87, (184) p. 362, (186)). 
Regarding the algal growth often found on the carapace of crabs, see (64) and 
the literature there cited. With reference to the relation between the algal 
vegetation and the general productivity of the sea, see (42) p. 36, (9s), (117), (181). 
As regards economic uses, see (22) p. 8, (24) pp. 53, 151, (29), (36) p. 9, (54) p. 3i» 
(96) p. 47, (97) p. 43. (*43) p. 102, (14s) p. 189, (158), (iS9), (180). 
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forms are always sterile, but even when there is only a moderate 
degree of reduction reproductive organs are less abundant. Many 
workers ((30), (48), (74), (8s) p. 245, (ns) p. 377, (114) p. 39, (167)) have 
investigated the effect of reduced salinity on marine Algae, but its 
influence on essential physiological processes has only recently been 
studied. Legendre (89) records increased photosynthesis in Fucus 
serratus and Ulva Lactuca^ although Fromageot (39) in the latter 
established a decrease. According to Hoffmann ((ss) p. 261) a lowered 
salt-concentration increases respiration in Fucus serratus and Lami- 
naria digitata, although F. vesiculosus, Enteromorpha and Porphyra 
are unaffected. The scanty data imply that in water of reduced salinity 
diverse seaweeds will reach the compensation point more rapidly. 

THE GEOGRAPHICAL DISTRIBUTION OF SEAWEEDS 

The ensuing account of geographical distribution is intended as an 
introduction to the topic and makes no claim to be complete. The 
local variations in the flora are on the whole insignificant when com- 
pared with the marked diversities which are encountered in different 
parts of the world. Thus, the algal populations of the Old and New 
Worlds and of the Northern and Southern Hemispheres present 
numerous points of contrast, while that of the Atlantic is in large part 
distinct from that of the Indian and Pacific Oceans. A certain number 
of marine Algae enjoy a wide geographical distribution (e.g. Digenea 
simplex in all warmer seas), while some would appear to be almost 
cosmopolitan {Ulva Lactuca^ Colpomenia sinuosa{}), Ectocarpus sili- 
culosus, Sphacelaria furcigera, Melohesia farinosa^ Catenella Opuntia^ 
Gracilaria confervoides, Hypnea musciformis), but the vast majority are 
restricted to definite, though often relatively wide, areas. For most 
seaweeds the warm water of the equatorial belt constitutes an im- 
penetrable barrier, and Scytosiphon Lomentaria, for instance, although 
recorded from the colder regions of both the Northern and Southern 
Hemispheres, is lacking in the Tropics (cf. also (44) p. 150, (107)). 

Temperature ((54) p. 20, (75) p. 123, (87) p. 307, (105) p. 169, (113) 
p. 355) is no doubt one of the principal factors determining the 
latitudinal distribution of marine Algae, a view specially advanced by 
Setchell. He showed (144) that the distribution of the genera of 
Laminariales (cf. p. 253) is markedly related to the mean maxima for 
the hottest months and that it coincides with the isotheres of 10°, 15°, 
20° and 25° C. Later (146,147) Setchell draws attention to the im- 
portance of the mean minima of the surface-waters and suggests 
(148,149) that the temperature-interval between the mean minima and 
maxima (as a rule probably about 10° C.) may determine whether 
reproduction can take place and therefore whether survival is possible. 
He distinguishes (146,148) nine climatic zones (Boreal, Upper Boreal, 
North Temperate, North Subtropical, Tropical, South Subtropical, 
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South Temperate, Upper Austral, Austral), determined by tem- 
perature-intervals (surface- isotheres) of 5*^ C., and concludes that, 
when a species occurs in two or more zones, its normal habitat is only 
in one of them. Thus, Ascophyllum nodosum y an Upper Boreal species, 
in the southern portion of its range fruits only in winter ((148) p. 395 ; 
cf. also (10) p. 829). The southern limit of Fucus virsoides in the 
Adriatic is determined by temperature (140), while Isaac ((60) p. 145) 
emphasises the importance of this factor in South African waters. 

The effect of temperature is, however, not easily separated from 
that of illumination which, variable both in duration and intensity in 
different latitudes, probably also plays a role in determining the 
quality of their algal vegetation; one can, however, scarcely admit 
Tilden^s (169) theories, which are quite unsupported by fact'. Tem- 
perature, owing to its influence on the rate of respiration, will affect 
the capacity of a sublittoral alga to thrive below a certain depth. 
Lami(88) draws attention to the possible importance of mists and 
prevalent cloud in relation to the distribution of Algae. The effects of 
diminished salinity have already been considered (p. 6). 

Zones of algal distribution do not necessarily correspond to degrees 
of latitude, since ocean currents traversing the coasts often influence 
the temperature of the water and cause apparent anomalies in dis- 
tribution. Reference need only be made to the marked differences at 
equivalent latitudes between the algal flora on the eastern shores of 
North America and the western shores of Europe ((14) p. xv; cf. also 
(24) p. 7) due to the influence of the Gulf Stream, and to the pro- 
nounced contrast between the seaweed vegetation on the eastern and 
western shores of the Cape Peninsula, due to the Antarctic current 
skirting the western shores. The flora of the latter comprises Laminaria 
palliduy Ecklonia and Macrocystis pyrifera (see map 2, p. 252), which 
are practically wanting on the opposite coast ((28), (60) p. 123, (61) 
p. 20, (92), (185)). 

Boergesen’s and Jonsson’s (h) analysis of the distribution of sea- 
weeds in northern latitudes, with special reference to the flora of the 
Faeroes, also essentially recognises the temperature-factor. They 
classify the northern seaweeds in five groups, viz. {a) an arctic element 
(not represented in the Faeroes) ; (^) a subarctic element with species 
represented in the Arctic Sea and in part extending southwards to 
England (Chaetopteris plumosuy Agarum cribrosumy Alaria Pylaiiy 
Phyllophora Brodiaei, Halosaccion ramentaceumy etc.); {c) a boreal- 
arctic element extending from the Arctic as far south as the Atlantic 
coast of North Africa {Ascophyllum nodosum y Bangia fusco-purpureuy 
Ahnfeltia plicatUy etc.); {d) a cold-boreal element, extending north- 
wards to Iceland, the Faeroes and North Norway and southwards to 
the Mediterranean and North Africa {Elachista scutulatay Castagnea 
virescensy Alaria esculentUy Laminaria saccharinay L, Cloustoniy 
Gigartina stellatUy Cystoclonium purpureum. Fur cellar ia fastigiatay 
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etc.); and (e) a warm-boreal element {Leathesia dijformiSy Cutleria 
mullifida^ Halidrys siliquosay Arthrocladia villosay Sporochnus peduncu- 
latuSy Taonia atomariay Chondrus crispuSy Plocamium coccineutriy 
Laureficia pinnatijiday Callithamnion corymhosuniy Rhodophyllis bifidUy 
Gracilaria confervoideSy Sphaerococcus coronopifolius (see map i), etc.). 
This grouping has been adopted by many subsequent workers 
((24), (49), (80) p. 250, (131) p. 20, (166)). The marine flora of Holland, 
though poor in species, is essentially like that of the adjacent coasts 
of Britain and France ((49) p. 170). 

On the Atlantic coast of North America, Harvey ((54) p. 25) first 
pointed out that the Cape Cod Peninsula sharply segregates the 
northern from the southern seaweeds, and this corresponds to the 
isothere of 20° C. ((147) p. 201, (iso)). The northern area, which prob- 
ably extends to Greenland, includes many species found on the 
Scandinavian coast, while the larger Fuci and other Brown Algae 
occur only in colder spots south of the peninsula (cf. also (27), (36) 
p. 4, (166) p. 2, and map 2, p. 252). A similar dividing line is 
recognisable on the coasts of Spain and in the region of the southern 
Japanese sea. Gail (43), on this basis, distinguishes the entire seaweed 
population of the Northern Hemisphere into a northerly Laminaria 
region (with Ectocarpales, Bangiales and Gigartinales) and a southerly 
Sargassum region (with Siphonales, Dictyotales, and Ceramiales). On 
the coast of North Carolina ((56) p. 391) the transition between 
northern and southern floras is indicated by the simultaneous presence 
of Fucus vesiculosus and of numerous Florideae with a marked 
southerly range. According to Collins and Hervey ((22) p. 8) the flora 
of Bermuda has much in common with that of Florida and the West 
Indies (cf. also (178), p. 490). 

The Pacific shores of North America afford an analogous picture, 
although the cold current that skirts a considerable part of the coast 
results in a pronounced southerly displacement of the Laminariales. 
Point Conception approximately marks the limit between the northern 
and southern vegetation ((132) p. 393), although Gail (43) would put it 
at Cape Blanco. The southern shores of the Japanese islands harbour 
a considerable number of seaweeds belonging to the Indo-Pacific 
region ((109) p. 960, (191)), which extend southwards to Australia and 
westwards to the Red Sea (p. 12), while comparatively few of these 
appear to occur on the American Pacific shores, where the similarities 
with the Japanese flora refer more to the subarctic element comprising 
several striking members of Laminariales (p. 254). Okamura(iii) has 
made a detailed analysis of the distribution of marine Algae in Pacific 
waters. 

Only brief reference can be made to other regions of the world. 
The tropical seaweed flora is distinguished especially by the abun- 
dance and variety of Siphonales and the dominance of Florideae 
(especially Ceramiales) ; the most important of the Phaeophyceae are 
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Dictyotales and species of Sargassum and Turbinaria, while Lami- 
nariales are completely lacking. It would seem that the algal flora of 
the Tropics shows a greater measure of resemblance to that of the 
Southern than to that of the Northern Hemisphere. A considerable 
number of seaweeds {inter alia diverse Sporochnales and Sphace- 
lariales, many Rhodomelaceae and Delesseriaceae) are restricted to 
the Southern Hemisphere (cf. (s3)). The marine flora of New Zealand 
has something in common with that of Australia, but also includes 
an evident Antarctic element, some of the representatives of which 
are also found in South Africa ((87); cf. map 2, p. 252); there are 
a considerable number of endemic species. Carpophyllum occurs 
throughout New Zealand, while Durvillea (associated with Macrocystis 
and Marginariella) is dominant in the south ((112) p. 518). The flora 
of the Chatham Islands shows a general resemblance to that of New 
Zealand (126). 

The Subantarctic and Antarctic floras ((25) p. 152, (44) p. 105, 
(86) p. 77, (157) p. 156, (i7g)) include several species with a circumpolar 
distribution, as examples of which Scytothamnus australis^ Haloptens 
funicularisy Durvillea antarcticay Macrocystis pyriferUy Iridaea cordatay 
Ballia callitricha (see map i, p. 8), and Gigartina radula may be 
mentioned. In Antarctic seas species of Desmarestia play a very 
prominent part in the sublittoral region, accompanied by Lessonia and 
Scytothaliay while Durvillea and Macrocystis are more particularly 
characteristic of the Subantarctic zone ((126a) p. 182, (179) p. 65). 

There is often an appreciable degree of correspondence between 
the flora of coasts separated by thousands of miles of ocean or by 
intervening land-barriers. These similarities can in general only be 
explained by taking into consideration the changes that have affected 
the distribution of oceans and of land-masses within recent geological 
epochs. During the T ertiary period, when there was a land-connection 
between Europe and America by way of the Faeroes and Iceland, the 
arctic flora to the north of it probably differed from that to the south 
((10) p. 806, (125) p. 98); when the connection was broken, a mingling 
of the two floras ensued. During the glacial epochs this vegetation 
was forced southwards into the Atlantic and Pacific Oceans and a 
flora, which was arctic in character, probably occurred as far south 
as England and Northern France. With the advent of a warmer era 
many of the arctic species were again driven northwards, while others 
capable of adapting themselves to a wider range of temperature 
remained to form the present-day element common to the North 
Pacific and Atlantic Oceans. Kjellman ((71) p. 56) established that 
nearly 60% of these species also occur in the Arctic Ocean. 

There are, however, many seaweeds common to the Atlantic and 
Pacific which are lacking in the Arctic (e.g. Chorda filuniy Fucus 
vesiculosuSy Saccorhiza dermatodea)y and these are probably more 
southern types which migrated northwards during the warmer post- 
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glacial epochs ((154) p. 184), at a time when the habitat was still 
continuous. Simmons ((154) p. 176) regards the greater measure of 
similarity between the seaweed flora of the Polar Sea and the North 
Atlantic, as contrasted with the North Pacific, as due to the existence 
of greater opportunities for migration afforded by the more numerous 
coastal paths. In the White Sea ((47 «) p. 20) the Atlantic element has 
only penetrated into the northern part. 

Rosenvinge ((131) p. 40) concludes that the algal flora of the Danish 
seas migrated into it from the North Sea after the glacial epoch, while 
Levring ((91) p. 163) regards that of the Baltic as a remnant of the 
North Atlantic flora which became established during the Littorina- 
period. There is also a considerable subarctic element ((125) p. 95, 
(161) p. 52). 

It has long been assumed that certain genera of sea-grasses 
(Posidonia^ Cymadocea), which are found both in the Mediterranean 
and in the Indian Ocean, owe their present distribution to migration 
from the latter into the former during Tertiary times when there was 
an open connection between the two. A similar relation is probable 
for Acanthophora Delilei ((37) p. 289; see map i), for the species of 
Vidalia^ for those of the Bursae section of the genus Codium ((163) 
p. 55), and for several other genera. Apart from this Indo-Pacific 
element, the Mediterranean flora also includes a number of genera 
and certain species (e.g. Halimeda Tuna^ Hydroclathrus cancellatuSy 
Hypnea musciformis^ Digenea simpleXy Taenioma perpusillum) that are 
widespread in all warmer seas, but the bulk of the flora ((37) p. 291) 
is composed of an element that has arrived from the Atlantic. Part 
of this consists of species common to the Mediterranean and the 
tropical and subtropical Atlantic (e.g. Caulerpa prolifer a (see map i), 
Acetahularia mediterraneUy NereiafiliformiSy Gracilaria armata)y while 
another part comprises species widely distributed in the North 
Atlantic, many of which reach the southern limit of their distribution 
in the Mediterranean (e.g. Stilophora rhizodeSy Taonia atomariay 
Sphaerococcus coronopifolius (see map i), Chondria dasyphylla)\ this 
second group probably includes many species which were forced 
southwards during the glacial epochs (cf. also (176)). The Guernsey 
flora includes a number of Mediterranean species ((96) p. 45). 

Many species and varieties found in the Mediterranean are closely 
related to forms found in the adjacent Atlantic, a fact which has been 
specially emphasised by Sauvageau ((134), (136) p. 3, (138) p. 17) in 
relation to the species of Cystoseira (cf. also (26)), He points out that 
those inhabiting the eastern Mediterranean differ markedly from the 
oceanic species, although the latter show much agreement with the 
Cystoseiras of the western Mediterranean. Feldmann ((37) p. 297) also 
instances the Mediterranean Phyllophora nervosa (DC) Grev., which 
is closely related to the North Atlantic P. epiphylla. The marine flora 
of the Azores ((142) p. 108) includes many species common to the 
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Mediterranean and North-west Europe, but there is also a tropical 
element. That of the Red Sea has been analysed by Nasr(i87). 

Boergesen {(n) p. 492) has shown that several seaweeds of the 
Indian and Pacific Oceans (e.g. Anadyomene stellata^ Dictyosphaeria 
favulosa (see map i), Neomeris annulata and other Siphonales, 
Liagora valida Harv.^) also occur in the West Indies, though lacking 
at the southern extremities of Africa and America. Murray ((105) 
p. 172, (106)), who first drew attention to this fact, explained the 
discontinuity by assuming a warmer climate at the Cape in earlier 
epochs. During the Pliocene and Oligocene, however, the Caribbean 
Sea was connected to the Pacific Ocean, the isthmus of Panama being 
of comparatively recent date, and Svedelius ((163) p. 9) ascribes the 
above-mentioned similarities to this interoceanic connection. This 
view is based primarily on the present-day distribution of the tropical 
sea-grasses ((153) p. 572) and of the species of Caulerpa, but stress is 
also laid (p. 29) on the occurrence of pairs of closely related (vicarious) 
species of diverse genera (Udotea (see map i), Padina, Scinaia^ 
GalaxaurUy Martensia^ etc.) in the Indo-Pacific region and the West 
Indies respectively. The present distribution indicates that the Indo- 
Pacific Ocean was the centre from which most of the new types 
migrated into the Atlantic, although the species of Dasycladus, for 
example, are assumed to have originated in the Atlantic. Since species 
showing a discontinuous distribution must have existed prior to the 
severance of the sea-connection between the two oceans, the bulk of 
tropical Phaeophyceae and many of the Rhodophyceae must be of 
younger date than the marine Chlorophyceae. 

Many species ((12) p. 4), which are common to the West Indies and 
to the Canaries, seem to reach the eastern limit of their distribution 
on the shores of the latter or possibly on the adjacent coast of Africa, 
which is yet scarcely explored. Half the species recorded for the 
Canaries, moreover, also occur on the Atlantic coasts of America, and 
the existence of this common element lends some support to the 
theory of a former land-connection between America and Africa. 
Taylor (165) concludes that the marine flora of Brazil presents much 
similarity to that of the West Indies. 

Many striking instances of discontinuous distribution, for which 
there is at present no satisfactory explanation, are afforded by the 
presence of species, found at the Cape and in West and South 
Australia, also to the north of the Tropic of Cancer (Japan, Arabian 
Sea ((13) p. 58; cf. also (153) p. 574)), although they are apparently 
lacking in the intervening tropical zone. This is paralleled by the 
occurrence, both in the Arctic and Antarctic, of a number of species 
which are not known to occur in the equatorial belt ((44) p. 149, (107)), 
although no species of Laminariales or Fucales is common to the two 

^ This applies also to certain elements of the fauna. See also Setchell’s (152) 
instructive analysis of the marine flora of Tahiti. 
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poles. The marked contrast between the algal flora of the Japan sea 
and that of the Pacific coast-line of Japan is taken by Okamura(iio) 
to indicate the comparatively late origin of the former which until 
that time is supposed to have formed, together with the Japanese 
Islands, part of the continent of Asia. 

Our knowledge of the geographical distribution of marine Algae is 
still too limited to provide much positive evidence as to the existence 
of endemic genera and species. Attention may, however, be drawn 
to the numerous Florideae (especially Rhodomelaceae) at present only 
known from the Australasian region and to the genus Coccophora 
apparently confined to the Japan sea ((no) p. 591). Feldmann ((37) 
p. 297) recognises Laminaria Rodriguezii (p. 196) and Rissoella verru- 
culosa as endemic species in the Mediterranean, the latter charac- 
teristic of wave-swept rocks in the littoral region {(nza) p. 84). 

Certain marine Algae have doubtless been introduced into new 
geographical areas, f)robably for the most part conveyed on ships’ 
bottoms. Comparatively recent arrivals in Europe are Colpomenia 
(p. 109) and the species of Asparagopsis (p. 480), which have been 
brought from Australia and Japan (cf. also (38), (57), (173)). After storms 
considerable masses of seaweeds are often cast up on the shore ((21), 
(40) p. 174, (129), (i88)), many of them bearing viable reproductive organs. 
It is known, moreover, that many Florideae in particular can regenerate 
from quite small fragments of their thalli (114,170,171). Ocean currents 
will likewise serve to distribute detached portions of seaweeds, while 
birds may play a part ((10) p. 809, (189)). The fact that seaweeds become 
established on volcanic and newly arising coral islands indicates that 
agencies such as those mentioned must be effective. It remains 
doubtful, however, whether any very considerable number of marine 
Algae possess the capacity to become naturalised on shores to which 
they are transported by these means ((87) p. 305, (133), (136) p. 3, (163) 
p. 18), and it would appear that the spread of most seaweeds takes 
place rather along coastal stretches than over intervening areas of sea 
((i2s) p. 100). 
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Class IX. PHAEOPHYCEAE 

While the Algae considered in the first volume comprise in the main 
freshwater and terrestrial forms, the Phaeophyceae or Brown Algae 
are practically restricted to the sea. The few f resh water genera 
{Pleurocladiay Heribaudiella^ Bodanella) all belong to the Ectocarpales, 
while true terrestrial types are unknown. Many Phaeophyceae of the 
littoral zone are, however, highly equipped to resist exposure during 
intertidal periods, and a number of Fucales have become adapted to 
life under the special conditions obtaining on salt-marshes (p. 383). 

Although certain genera are largely or entirely restricted to the 
warmer seas (e.g. HydroclathruSy Chnoospora, most Dictyotales, Sar~ 
gassum, Turhinaria), the Brown Algae attain their maximum develop- 
ment, both as regards numbers of species and of individuals, in the 
colder waters of the Northern and Southern Hemispheres. Batters 
((5) p. 22) and Newton (173 a) both enumerate 74 British genera, while 
Taylor (2370) has 57. Many distinctive forms occur in the Pacific (218). 
Certain orders (Sporochnales, Sphacelariales) and genera {Splach- 
nidium, Ecklonia, Lessonia^ many Fucales) are better represented or 
exclusively found in the Southern Hemisphere. 

The abundant and luxurious growth of Phaeophyceae in Subarctic 
and Arctic regions has been vividly described by Kjellman(ioi-io3); 
development continues during the darkness of the Arctic winter and 
many forms produce their reproductive organs at this time at tem- 
peratures often below the freezing point ((102) p. 82). Similar data 
have been provided by Skottsberg ((224) p. 154) for the Antarctic. 
These facts have been frequently interpreted as indicating that the 
Brown Algae of the colder seas are shade-forms attaining an adequate 
excess of photosynthesis over respiration in weak light and at low 
temperatures ((78) p. 281, (los)). Recent investigations (52, is 9) have, 
however, shown that certain Phaeophyceae, like certain Rhodophyceae 
(p. 407), have the physiological characteristics of sun-forms, while 
some can adjust their metabolic processes to the varying light- 
intensities and temperatures of different seasons ((136), (160), (161) 
P‘ 673 > P- S 3 )» larger fucoids being capable of producing as 
much substance or even more in summer than in winter. Nevertheless, 
the low rate of respiration at low temperatures and the capacity to 
photosynthesise in feeble illumination are no doubt important factors 
conditioning the success of Brown Algae in Arctic and Antarctic 
regions (cf. also (52) p. 240, (no)). 

A large proportion of the Phaeophyceae are jjtko phytes. so that they 
are specially prevalent on rocky shores. Many of the forms with large 
and bulky thalli are surf-loving or, if growing below low-tide level, 
favour situations where there is a marked current and they are subject 
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to the swirl of the waves. No very large number of Brown Algae 
normally live in deep water, although a few can penetrate to very 
considerable depths ((u), (203) p. 177, (210) p. 482). The majority 
inhabit the belt between tide-levels or grow at such a depth that their 
photosynthetic tissues are displayed but a little way beneath the 
water-surface. 

The Phaeophyceae are in general at a higher level of morphological 
and anatomical differentiation than the classes previously considered. 
No unicellular or colonial forms are at present certainly known, ^ nor 
is the unbranched filament represented. In other words all the simple 
types of plant-body, so widely found in classes like Chlorophyceae 
and Chrysophyceae, are lacking. The vegetative body in the least 
specialised members of Phaeophyceae is a heterotrichousjfilament, 
a level of differentiation which is the highest attained among Chloro- 
phyceae. 

It is nevertheless highly probable that the evolution of Phaeo- 
phyceae has followed the same lines as that of Chlorophyceae, etc., 
but that the simpler types have either become extinct or still await 
discovery ; there is no apparent reason why they should have perished. 
The few fossil forms (see p. 42) do not help to elucidate the evolution 
of the class. The considerable,_ui^ormity in pigmentation of the 
chromatophores, the characteristic iEiicQsah-yesicles (p. 31) implying 
a ^ecialised^ metabolism, and above all the constant characteristics 
of the motile ^ages^zdospores, gametes, spermatozoids), indicate not 
only a monophyletic origin, but probably also a derivation from a 
unicellular flagellate ancestry with motile individuals showing these 
special features. Pascher (iSi) at one time believed he had traced a 
relationship between this hypothetical prototype and the Nephroselmi- 
daceae among Cryptophyceae (i, p. 657), but rightly abandoned 
((182) p. 153) this view as further details came to light. The Phaeo- 
phyceae are also distinguished by the prevailing isomorphic or hetero- 
morphic alternation in their life-cycle. 

The General Features of Vegetative Construction 

The heterotrichous filamentous habit exhibited by the Ectocarpaceae 
(figs. 4 E ; 5 J), seemingly the most primitive members of Phaeo- 
phyceae, shows a marked degree of parallel with that found in 
Chaetophorales among Chlorophyceae (62). As there, the Ectocar- 
paceae include an assemblage of reduced types (p. 58) in which 
essentially only the prostrate system is present. The parallel may not, 
however, be pressed too far. The heterotrichous habit thus displayed 

^ There are, however, diverse indications of the existence of palmelloid 
types possessing Phaeophycean swarmers; cf. the Pulvinaria algicola of 
Reinhardt ((190) p. 127) and the Phaeocystts Giraudii (Derb. et Sol.) Lagerh. 
described by Nasr ((170) p. 3), which has little in common with P. globosa. 
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in the simplest members of the class is recognisable, at least in early 
stages of development of the sporophyte, in practically all Ecto- 
carpales (cf. (229) p. 397) and Sphacelariales, although it has dis- 
appeared in most of the more specialised orders (Sporochnales, 
Desmarestiales, Laminariales, Dictyotales, and Fucales); in the Cut- 
leriales it is preserved in a modified form ((257) and p. 169). The 
persistence of heterotrichy among many of the less specialised 
Phaeophyceae and its disappearance (i.e. elimination of the prostrate 
system) in the more advanced forms is altogether paralleled among 
Florideae (p. 445). In those Brown Algae, which exhibit hetero- 
morphic alternation, the gametophyte (except in Cutleria) always 
shows traces of the heterotrichous habit. 

The bulk of the seaweeds belonging to Phaeophyceae are compact 
multicellular types with a more or less evident differentiation of 
tissues. This is specially marked among Laminariales and Fucales, 
where it is combined with a marked degree of external differentiation 
and, in some members of the former, with dimensions that vie with 
those of the larger land-plants. The elaborated ,sporophytes of 
Ectocarpales are produced in one of two ways, viz. either (a) from a 
single uniseriate filament or from aggregates of such filaments by 
dense juxtaposition of their numerous branches (uni- and multiaxial 
construction) giving a pseudo-parenchymatous structure, or (d) by 
division in diverse planes of the cells of a primary filament giving a 
true parenchymatous structure. The filaments by the elaboration of 
which the mature body is thus produced belong to the erect system 
of the primary heterotrichous stage. The details are given under the 
individual forms, and it must suffice to indicate here that in Leathesia 
(fig. 17) and Castagnea (fig. 21 E), for instance, the construction is 
multiaxial (cf. Codium among Siphonales), in Spermatochnus (fig. 27) 
uniaxial (cf. Dasycladus among Siphonales), whilst parenchymatous 
members of Ectocarpales are exemplified by such types as Punctaria 
(figs. 31, 32 C), Scytosiphon (fig. 34), and Asperococcus (fig. 37). In 
uniaxial and parenchymatous types several erect-growing sporophytes 
commonly originate from the same prostrate base (fig. 3 1 A), and this 
is no doubt sometimes also true of multiaxial forms. While special types 
of uni- or multiaxial thalli are met with in Desmarestiales, Sporochnales 
and Cutleriales, most Phaeophyceae are true parenchymatous forms 
and in this respect contrast markedly with the Red Algae. 

The structures produced in the diverse ways indicated above 
undergo strengthening arid elaboration by two methods which are 
probably interrelated, since in both there is an outgrowth from already 
mature cells of threads which are commonly branched. In many 
uniaxial {Spermatochnus, fig. 27 B, F, Desmarestia, fig. 61 A, e) 
and parenchymatous (e.g. Sphacelariales, fig. 94) types such fila- 
mentous outgrowths arise superficially and, growing intimately 
apposed to the surface and to one another, become compacted to form 
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an enveloping cortex which may increase in thickness by cell-division. 
Such superficial threads usually contain chromatophores and are 
most suitably designated cortical threads. Quite similar structures 
often arise in the basal parts of the thallus and, spreading over the 
primary attachment system, fulfil a subsidiary r 61 e in anchorage, so 
that in these instances they could with equal justification be called 
rhizoids. In many Brown Algae (Chordaria^ fig. 22 D, hy\ Lami- 
nariales, fig. 83 B, hy\ Fucales), however, the outgrowing threads 
originate from internal cells and ramify in diverse directions through 
the tissues. Such structures are usually devoid of chromatophores 
_and may be called hyphae. For the moS^ part they probably fulfil 
conducting and mechanical functions and in relation to the latter are 
commonly thick- walled. There is no sharp distinction between cortical 
threads, hyphae, and rhizoids, all of which are merely diverse ex- 
pressions of the capacity of the algal cell to form thread-like out- 
groAVths. The latter commonly originate from the lower ends of the 
parent-cells, affording evidence of polarity. 

In many parenchymatous types, after the primary longitudinal 
septation demarcating a peripheral from a central series of cells, 
further cell-division tends to be restricted to the superficial layer 
(figs. 33 C; 35 E). The cells of this meristem divide periclinally, the 
segments cut off internally being added to the central tissue, while 
occasional anticlinal division in the surface-layer enables it to keep 
pace with the increasing girth of the whole. This superficial meris- 
tematic activity, which is little marked among the parenchymatous 
Ectocarpales, becomes a pronounced feature in Laminariales (fig. 
83 C) and Fucales (fig. 130 B), where it is responsible for the marked 
increase in thickness attained by the older parts. It is also met with 
in some of the pseudo-parenchymatous forms. 

The often abundant branching of the laterals borne on the axial 
threads of the pseudo-parenchymatous forms, which leads to the 
formation of a compact cortical region, and the superficial growth of 
parenchymatous forms just discussed, often result in marked tensions 
between the external and internal tissues. Such tissue-tensions (cf. 
(90) p. 25, (97), (116) p. 828, (168) p. 13, (246) p. 13) are due to a state of 
compression in the outermost tissues, while the internal elements are 
more or less markedly stretched. As a consequence longitudinal strips 
of the thalli of Dictyosiphon, Chordaria^ Desmarestia^ Chorda, etc., 
especially when placed in water, curve with the outer tissues on the 
convex side; not uncommonly such strips roll up into a complete 
circle. Similar tensions are realised in the stipes of Laminariales 
and in all instances they probably contribute to the flexibility of 
the structures involved. The extensibility of such thalli varies (so), 
being slight in Fucus, which has considerable tensile strength, and 
more considerable in Halidrys, Ascophyllutn, and Laminaria (cf. also 
(245) p. 9). The massive tissues formed by many Brown Algae are for 
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the most part completely devoid of intercellular spaces, although 
certain forms develop numerous gy-bladders. 

The Phacophyceae afford some of the best examples of intercalary 
growth among lower plants. The intercalary meristems are typically 
located at the Base of a hair, to the increase in length of which they 
contribute to some extent, although the bulk of the segments are cut 
off below the meristem (figs. 5 D; 24 A), l^hxsjrichothallic growth is 
found in many Ectocarpales, Desmarestiales, Tilopteridales, and 
Cutleriales. Intercalary growth is also met with in Laminariales, where 
the seat of the meristem is the transition zone between stipe and blade. 
Such well-defined intercalary meristems are not, however, represented 
in all Ectocarpales, and in many Ectocarpaceae the growth is diffuse. 

Intercalary growth has, moreover, been replaced by apical grawtli 
in a number of evolutionary lines among Ectocarpales, as well as in 
Sphacelariales, Dictyotales, and Fucales. There is considerable 
evidence to show that, in certain Ectocarpales (pp. 90, 1 12) and Fucales 
(p. 349), the apical cell of the mature plant is at first differentiated 
beneath a hair with a basal meristem. Although no such sequence is 
observable in other series with apical growth, the instances cited and 
the prevalence of intercalary growth among the less specialised mem- 
bers suggest that apical growth in this class is a secondary acquisition 
(cf. also (i 3 s) p. 59 ). 

The Phaeophyceae exhibit not only marked internal differentiation, 
but also display a great range in external form, especially in the more 
advanced orders. This is fully illustrated in the subsequent detailed 
consideration. In many Ectocarpales the thallus consists of branched 
cylindrical or flattened strands presenting little outward differentia- 
tion, but the Punctariaceae exhibit a surface-development presenting 
many analogies with that of the Ulvaceae among Green and of the 
Bangiales among Red Algae ; the thallus in Punctariaceae is, however, 
based on a heterotrichous system (p. 100). Marked morphological 
elaboration, accompanied by the development of pseudo-axillary 
branch-formation, is met with in some Sphacelariales (p. 274). 
A foliose differentiation of certain parts of the thallus is specially 
characteristic of Laminariales and Fucales, the leafy expanses of 
which are either differentiated parts of the thallus {Laminaria) or 
represent special outgrowths (Alariaceae, Sargassum) (cf. the gameto- 
phytes of Hepaticae). At the same time the Laminariales exhibit a 
method of thallus-elaboration by progressive splitting of the primary 
foliar expanses that is unique among Thallophyta. Dichotomous 
branching is typical of many Dictyotales and some Fucales, the latter 
showing a striking developmental series in which monopodial pro- 
gressively replaces dichotomous branching. 

Although many Brown Algae {Ralfsia^ Lithoderma, many Lami- 
nariales and Fucales) are lithophytes, a considerable number (Ecto- 
carpales, Sphacelariales, etc.) are epiphytes. In diverse of these some 
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of the filaments (figs. 7 D, E ; 16 B, E) penetrate into the foreign tissue 
to an appreciable depth and the non-endophytic part of such forms 
is commonly reduced to a more or less marked extent. As a general 
rule the endophytic filaments possess chromatophores and only 
traverse the gelatinous walls of the host, although diverse instances 
are on record of actual penetration of the cell-cavities (p. 58). It is 
scarcely possible to speak of parasitism since, although the contents 
of the host’s cells adjacent to the endophytic filaments are commonly 
disorganised or destroyed (cf. e.g. (202) p. 230), there is no evidence 
that the endophyte draws any nourishment from them. The fact that 
fucosan is usually lacking in the vicinity of the endophytic filaments 
(cf. e.g. (28) p. 9) is proof of some change, but not of parasitism. True 
parasites, destitute of photosynthetic pigments, are lacking.^ 

The Cell-wall 

The cell-walls of Phaeophyceae are commonly g^^inous and appear 
to consist of pectic substances with a layer giving the reactions of 
cellulose adjacSit to the protoplast;^ according to Kylin ((121) p. 346) 
calcium is present in the middle lamella. Diverse gum-like mucilages 
have been extracted with water, the chief being algin(226) and 
fucoidin ((120) p. 19 1, (121) p. 404). The latter, especially abundant in 
Laminaria (cf. also (64) p. 36), though found also in Fucus and in very 
small quantities in Ascophyllum, is, according to Bird and Haas (10), 
a carbohydrate ester of sulphuric acid (cf. also (73), (260)). Algin seems 
to be more widely distributed ((29), (86) p. 47, (87), (99), (141), (262)); that 
of Laminariales is stated to be a polymer of ngiannuronic acid (10,173). 
It has many economic uses^ being employed in the preparation of 
adhesives, artificial silk, etc. (265). A third substance, jFuciGL(( 87 ), (121) 
p. 412, (251) p. 635) is, according to Miwa (154), very similar to algin 
and likewise contains sulphur (iss). Magnin ((142) p. 646) states that 
C^llose is present in the cell-membrane in A^cophyllum nodosum and 
Laminaria digitata. Callus is widely distributed in the sieve-tubes of 
Laminariales. 

The abundant mucilage of the larger Brown Algae is only in certain 
Laminariales located in definite mucilage-canals (p. 238). It can 
hardly be doubted that it plays a significant r6le in the survival of the 
littoral Fucales during exposure. Pringsheim ((188) p. 252; cf. also 

^ Fungal parasites do not appear to attack Brown Algae very frequently. 
Dothidella Laminariae Rostr. occurs on diverse species of Laminaria ((56) p. 10, 
(98) p. 149) and Estee (ss) reports galls due to Guignardia on Cystoseira .znd 
Halidrys. Ollivier (178) records Chytridineae on Ectocarpus (cf. also (267)) 
and a Pyrenomycete (Melanopsamma) on various Brown Algae (see also (178a) 
p. 165), while Schiffner ((209) p. 172) found an Olpidium on the propagules 
of Sphacelaria tribuloides. According to Brandt ((14) p. 32) Macrocystis and 
other Laminariales are subject to a bacterial disease. 

* See (80) p. 122, (99), (121) p. 347, (154), (168) p. 10, (172), (180), (201) p. 181, 
(224) p. 121, (240) p. 39, (246) p. 47. 
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(84) p. 78) concludes that the water-holding capacity of Fucus is due 
to the cell-membranes and not to the osmotic properties of the 
cells. 

Calcification of the membrane is very exceptional, although met 
with in species of Padina^ where the incrustation consists of arra- 
gonite (187). Iron incrustation is likewise uncommon; it is recorded 
especially in Padina ((156) p. 12) and Sphacelariales ((223) p. 113). 

The Protoplast 

The cytoplasm of Phaeophyceae <j[oes not exhibit the marked viscosity 
seen in many Red Algae. PJasmolysis is easily effected ((133) p. 241) 
and, although complete rounding off of the protoplast is rarely 
obtained, there is no marked adhesion to the cell-walls ((93) p. 393). 
The capacity for deplasmolysis varies ((9), (15) p. 446, (88) p. (55)). The 
mitochondria, appearing as rounded (fig. i P, ch) or filiform bodies, 
have been studied especially by the French school ((24) p. 161, (41), (91), 
(145), p. 1 12). They are not affected by intra vitam stains that colour the 
vacuolar contents, but as a general rule are stained by iron haemato- 
xylin after fixation (10% formalin in sea-water). An origin of the 
chromatophores from mitochondria has been advocated ((67) p. 285, 
(174)). 

The cells commonly possess numerous small vacuoles (fig. i H, K, 
L, v) separated by delicate cytoplasmic lamellae ((31) p. 452, (34) p. 421, 
(i4s) p. no, (244)); in Sphacelariales (fig. 91 G), in particular, the 
numerous vacuoles give an alveolar structure to the cytoplasm ((25s) 
p. 1 18; see also (167) p. 166). A single central vacuole is, however, 
reported in Dictyota^ species of Fucus, Sporochnus, etc. According 
to Chadefaud ((18), (24) p. 184) the sap includes colloidal sub- 
stances (metachromatin), very abundant in Desmarestia ((131) p. 6), 
which are responsible for the intra vitam staining with neutral red or 
cresyl blue and are sometimes slowly precipitated by the latter as 
granules or crystalline clusters (fig. i K, w ; P, ^) ; some of these may 
be due to iodides ((126) p. 56, (149)). 

The reaction of the vacuolar contents is neutral or alkaline ((4) p. 786, 
(18), (24) p. 184; (131) p. 5, (14s) p. 139); Kylin ((121) p. 348) found it to be 
neutral or very slightly acid in Laminariales and Fucales. Aqueous 
extracts, on the other hand, are acid (27), with a pYi of 4-6-6-8 ((130) 
p. 646). In diverse species of Desmarestia the extract is stated to have 
a pH of about i (250), although there is difference of opinion as to the 
nature of the acid present (128), (250). The bluish colour assumed by 
certain species of this genus (e.g. D. viridis) after death is due to the 
action of the acid sap on the fucoxanthin of the chromatophores. The 
osmotic pressure, determined cryoscopically, lies between 30*2 and 
31*8 atmospheres in diverse Fucales ((165) p. 13 1), while Hurd (9s) by 
a less precise method determined it as 22*7 atmospheres in Nereocystis. 
Kylin ((133) p. 241) gives much higher values and points out that the 



26 


PHAEOPHYCEAE 



Fig. I. Chromatophores of Phaeophyceae. A, B, CarpomiVra (Stackh.) 

Batt., cells of gametophyte. C, Ascocyclus secundus Stromf., vertical section. 
D, Taonia atomaria J. Ag., apex of thallus in section. E, Madina pavonia 
J. Ag., longitudinal section through apex. F, Lithoderma fatiscens Kuck., 
two erect threads. G, Asperococcus bullosus Lamour. H, Dictyota dichotoma 
(Huds.) Lamour., apex. I, M, Pylaiella fulvescens (Schousb.) Bom. J, L, 



CHROMATOPHORES 

younger cells often have a somewhat higher osmotic pressure than the 
older ones. 


CHROMATOPHORES AND PiGMENTS 

The chromatophores of Phaeophyceae are almost invariably parietal. 
Axile chromatophores are recorded only in Pylaiella fulvescens (fig. i 
I, M), where they are stellate structures something like those of a 
Zygnetna and present to the number of one or two in each cell (12). 
In the vast majority of Brown Algae the photosynthetic cells contain 
numerous small discoid chromatophores (fig. i D, E, K, P, t\ 

(24) p. 146, (211) p. 34, (213) p. ii). 

Among Ectocarpales there is, however, some variety of form. In 
diverse genera the cells contain 'but a single, usually plate-shaped 
chromatophore (species of Ectocarpus; AscocycluSy fig. i C; diverse 
Myrionemataceae ; Petalonia Fascia (217) p. iii ; Scytosiphon Lomen- 
taria (193) p. 214; Colpomenia (208) p. 329). In others the number of 
chromatophores is limited. Thus, in Lithoderma (fig. i F; (114) p. 166) 
there are 4-8 and in Hecatonema terminalis (Kiitz.) Kyi. ((193) p. 215) 
2-3 curved plate-shaped chromatophores in the cells, often fitting 
closely together; much the same obtains in Dictyosiphon. Ribbon- 
shaped chromatophores occur in some species of Ectocarpus (fig. i O ; 
(109) p. 308, (213) p. 14) and in Phloeospora ((193) p. 215), where they 
are branched ; in E, confervoides the ribbon is often narrow and spirally 
twisted. In the older cells of these species of Ectocarpus y however, 
one often finds a considerable number of small discs. The occurrence 
of single chromatophores in diverse Ectocarpales is in conformity 
with the general low level of differentiation exhibited by this order. 
It is probably correct to assume that, as in other classes of Algae, this 
marks the primitive condition and that the occurrence of numerous 
discoid chromatophores represents a more advanced state. The single 
dissected chromatophore in the gametophyte of Carpomitra (fig. i 
A, B) is in marked contrast to the numerous discoid chromatophores 
of the sporophyte ((207) p. 155). 

The small chromatophores within the apical cells of Fucus and 
Cladostephus ((143), (145) p. 133) undergo appreciable enlargement in the 
outer, although they remain small in the inner cells of the mature 
thalli; the reproductive organs also contain small plastids. A similar 
enlargement and flattening of the chromatophores is recorded by 


Mesogloea sp., stained with cresyl blue; J, single chromatophore, with 
pyrenoid. K, Pylaiella littoralis (L.) Kjellm. N, O, Ectocarpus siliculosus 
(Dillw.) Lyngb. ; N, chromatophores with pyrenoids. P, Fucus vesiculosus E., 
cell of hair, stained with cresyl blue, c, chromatophore; chy mitochondria; 
By endochromidia; /, fucosan-vesicles ; gy fat-globules; hy hair; w, semi- 
crystalline deposits in vacuole; w, nucleus; />, pyrenoid; i>, vacuole. (A, B 
after Sauvageau; C after Reinke; D, E after Senn; F after Kuckuck; G after 
Kylin; I, M after Boergesen; N, O after Knight; the rest after Chadefaud). 
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Senn(2i7) in diverse Dictyotales. The stigma in the motile elements of 
Phaeophyceae is, accbrding to Chadefaud ((21), (24) p. 153 ; cf. also (147)), 
invariably differentiated as part of a-plastid (cf. fig. 43 L, N). 

Many Brown Algae show movements of the chromatophores in 
response to changes infKe intensity and direction of illumination ((117), 
(205), (206) p. 9, (217)). When the light is of medium intensity the chro- 
matophores take up a position against the external walls, while in bright 
light there is movement to the side walls. Since the fucosan-vesicles 
remain stationary during such changes, Senn ((217) p. 136) concludes 
that there is active movement of the plastids tjhemselves. Hypertonic 
solutions cause the chromatophores of Dictyotales to take up a surface 
position, whilst in hypotonic solutions they tend to shift to the side 
walls (117). According to Senn the chromatophores of diverse Phaeo- 
phyceae (Dictyotales, Zanardiniay Asperococcus) assume a spherical or 
ellipsoidal shape in weak light or darkness, while Sauvageau(2os) 
records contraction of those of Saccorhiza in bright light. The single 
band-shaped chromatophore of Petalonia becomes inrolled in weak 
light. Some Phaeophyceae {Cystoseiray Dictyota) exhibit a bluish or 
greenish iridescence in strong light; in Cystoseira (cf. (7) p. 699), as in 
Red Algae (p. 584), this is due to the aggregation of special protein- 
masses beneath the external walls (fig. 130 G, Z). 

Bodies of doubtful nature, but since Kuckuck’s investigations 
((ii2) pp. loi, 130; cf. also (8) p. 56) usually described pyrenoids 
(Phaeophycean starch of Schmitz (213) p. 154), occur in diverse 
Ectocarpales ((119) p. 5, (124) p. ii), as well as in Haplospora ((194) 
p. 1 14), NereiUy and Arthrocladia ((8) p. 57); they appear to be lacking 
in the higher orders. The bodies in question are never embedded in 
the chromatophores. They are commonly more or less pyriform and 
attached by their narrower ends to the surface of the latter (fig. i 
G, />); in Mesogloea (fig. i J, L, p) they are definitely stalked (cf. 
OchrosphaerUy i, p. 508). In other instances (e.g. Asperococcus com- 
pressus (217) p. 109) they appear more or less globose (fig. i O, />). 
According to Knight ((109) p. 308; cf. also (25)) the pyrenoids of 
Ectocarpus siliculosus are either closely apposed to the chromatophore 
or attached to it by a stout or slender strand of cytoplasm (fig. i N), 
the latter condition being regarded as secondary; some evidence is 
produced for the origin of these bodies from the chromatophores. 
They are present also during zoospore-formatioii. 

Treatment with a o-i % solution of picric acid in seawater causes 
bursting of the fucosan-vesicles, while leaving the pyrenoids intact 
((119) p.^7). Whilst staining like the pyrenoids of other Algae, they do 
not show the usual protein-reactions ((24) p. 148) and their true 
character and function still remain obscure. They may represent a 
metabolic product of a nature different from that of the pyrenoids of 
other Algae, a view which finds some support in the fact that they 
can apparently become detached from the chromatophores ((18) p. 157, 
(213) p. 155; cf. however (119) p. 8). 
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The characteristic coloration of Phaeophyceae, varying from olive- 
yellow to deep brown, is due to an accessory carotenoid pigment, 
fucoxanthin (also called phycoxanthin(i53)),^ which was first isolated 
Willstatter and Page ((249) p. 253), although its presence had been 
recognised long before ((nS), (192), (225) p. 461, (242) p. 240). It is 
accompanied (cf. also (35), (74), (198) p. 214) by chlorophyll a, with only 
small traces of chlorophyll b\ according to Seybold and Egle ((220) 
p. 57) the latter is altogether wanting. Howard (92) finds evidence of 
a chlorophyllase in Nereocystis, Various workers report the presence 
both of carotene (236) and of xanthophyll (fucoxanthophyll of Tswett 
(92), (125) p. 60, (220) p. 63, (249) p. 249), although Heilbron ((17) pp. 97, 
104, (82)) states that ^-carotene and fucoxanthin are the only caro- 
tenoids present in fresh Fucales and that xanthophylls are lacking; 
they find evidence, however, of their presence in Ectocarpales and 
Sphacelariales. Kylin ((134) p. 8) has recently cast doubts on these 
conclusions. Lubimenko ((139), (140); cf. also (249) p. 252) states that 
the amount of chlorophyll in Brown Algae is only 30% of that in 
ZosterUy whilst Seybold and Egle (220) find that the Brown Algae 
investigated by them contain just as much chlorophyll and carotenoid 
pigments per unit of surface as the Chlorophyceae and that the 
molecular ratio of green and yellow pigments is the same in both. 
The sublittoral forms are not poorer in pigments than the littoral 
ones. All Phaeophyceae so far examined contain fucosterol ((17) p. 104, 
(83)), and flavins are widely represented ((81), (243) p. 260). 

An impure solution of fucoxanthin is readily extracted from the 
dead alga with water, leaving the chromatophores green. The formula 
is C4oHeoOe (C4oH5gOg according to Willstatter and Page). The 
aqueous solution is orange-yellow, whilst the crystals are red-brown 
with a bluish sheen. There is nothing very distinctive about the 
absorption spectrum (192), save for the strong absorption of the blue 
rays (fig. 2 A, F), The amount of fucoxanthin varies; Laminariay 
DictyotUy Petalonia Fascia, Pylaiella littoralis, and species of Ectocarpus, 
for instance, are rich, while the species of Fucus are poor in it. 
According to Montfort ((163) p. 539) the last, like most of the littoral 
Brown Algae, are rich in xanthophyll and phylloxanthin. Of the two 
modifications of f ucoxa nthin previously recognised by 
p. 64) one has proved to be a post-mortem oxidation-product of the 
other ((82), (134) p. 9). 

Until recently it has generally been doubted whether the fucoxan- 
thin participates in any way in the process of photosynthesis, ^^[ontfort 

^ The phycophaein of earlier writers (153 » 214) is a post-mortem oxidation 
product ((157), (225), (242) p. 236) and, according to Kylin ((118) p. 223, (119) 
p. 17, (120) p. 172, (124) p. 16), is formed from fucosan. Molisch*s view ((157) 
P* i 35 > (158) p. 256) that the colour of Brown Algae is due to a modification 
of chlorophyll called phaeophyll, which was stated to give rise to chlorophyll 
after death, is now only of historical interest. 



PHAEOPHYCEAE 


30 

((162) p. 761, (163) p. 539; cf. also (164), (212)) has, however, shown that 
Brown Algae rich in fucoxanthin exhibit a much higher rate of photo- 
synthesis in blue light than those which are poor in it (fig. 2 B); 
elimination of blue rays effects marked reductions in the photo- 



Fig. 2. A, absorption-curves of living Monostroma (M), living Petalonia (P), 
and of a fucoxanthin-solution (P, interrupted line) (after Oltmanns). B, 
relative photosynthesis (apparent assimilation) in red and blue light of diverse 
marine Algae, in relation to photosynthesis in red light (after Schmidt). 
C, ditto in red and green light (after Schmidt). 

synthesis of such forms. According to Schmidt ((212); cf. also (197)) 
forms jjoor in fucoxanthin agree with Green Algae in showing 
maximum photosynthesis in red (fig. 2 B), a lower maximum in blue, 
and a pronounced minimum in green light (fig. 2 C), whereas those 
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with more fucoxanthin exhibit a maximum in blue, a lesser one in 
red and a feebly indicated minimum in green light. The two opposing 
types are not in any way related to the light-intensities in the habitats 
frequented by the seaweeds in question and are distinguishable both 
among sun- and shade-forms, although the relative values for photo- 
synthesis in light of long and short rays depends on the intensity of 
illumination. Both Montfort and Schmidt conclude that fucoxanthin 
plays a photochemical role in photosynthesis. Kniep ((106) p. 122) 
earlier suggested that the presence of the brown pigment led to a 
better utilisation of all the incident rays, while according to Shelford 
and Gail ((221) p. 17 1) certain sublittoral Laminariales are abundant 
only down to a depth at which there is still a sufficiency of the shorter 
wave-lengths. At Puget Sound these seaweeds exhibit a maximum 
photosynthesis at about 8 metres, whereas Desmarestia ligulatCy 
inhabiting deeper water, has the maximum at 15 metres and Fucus 
evanescens at i metre (63). Prat (186) shows that many littoral Brown 
Algae absorb ultra-violet rays. 

Fucosan-vesicles 

A very characteristic feature of the Phaeophyceae is the presence, 
especially in meristematic, photosynthetic, and reproductive cells 
((20), (24) p. 213, (48), (119) p. 10, (124) p. 12), of large numbers of highly 
refractive, colourless vesicles which are variously ttvmQd physodes 
((13) p. 166, (24), (30), (33), (34) p. 425, (151) p. ^ fucosan-vesicles 
((119) p. 9, (120), (121) p. 402, (124) p. 12, (132)). They were first clearly 
distinguished from the pyrenoids by Schmitz ((213) p. 155). They are 
commonly aggregated around the nucleus (fig. i H, K, /) and vary 
considerably in size, sometimes reaching a diameter of 4 /x or more. 
The contents are fluid and acid in reaction, so that they assume a 
reddish violet colour on treatment of fresh material with neutral red, 
while with cresyl blue (144) they become turquoise blue ; the ordinary 
vacuoles, on the other hand, take on orange-yellow and violet colours 
respectively with these two reagents in conformity with the alkaline 
nature of their contents ((18), (24) pp. 184, 216, (131), (132) p. 4, (14s) 

p- 139)- 

In Laminaria Chadefaud (23) records vesicles devoid of fucosan and 
stained violet with cresyl blue, but Kylin ((132) p. 8) states that these 
are found only in unhealthy material. Vital staining of the fucosan- 
vesicles is also readily achieved with methylene blue, while indophenol 
blue in statu nascendi colours them blue-green ((18) p. 159, (24) pp. 190, 
217). A very striking reaction, long employed in their demonstration, 
is the red coloration with vanillin hydrochloride (cf. also (185)). Osmic 
acid stains them black, which has led to the mistaken view that they 
contain fat ((13) p. 166, (7s) p. 266, (191) p. 328, (240) p. 38). 

The contents of the vesicles consist of a substance known 2i%Jucosan 
which, although not precipitated by iron chloride ((120) p. 17 1), shows 



PHAEOPHYCEAE 


32 

many of the properties o f ta nnins (cf. also (8) p. 56) and is usually 
regarded as a derivative of phloroglucin ((30) p. 301, (119) p. 18). 
Hansteen’s ((76) p. 346, (77) p. 612) conclusion that the contents were 
a carbohydrate and represented a first product of photosynthesis is 
due to confusion with laminarin (p. 33), while his assertion that they 
are formed by the chromatophores (cf. also (94) p. 72) is due to a 
failure to distinguish pyrenoids and fucosan-vesicles (32). The latter 
originate in the cytoplasm, independently of the chromatophores 
((132) p. 5, (240) p. 37). ^angenot ((145) p. 141) believed that they arose 
primarily in the vacuoles, but their occurrence here has been shown 
to be s econd ary ((18) p. 163, (19), (48) p. 296) and, according to Dangeard 
((42) p. 371), is a pathological condition (cf. however (24) p. 193). The 
evidence for Chadefaud’s view (cf. also (22) p. 45) that fucosan- 
vesicles develop from mitochondria is inadequate and for the present 
they may be regarded ((119) p. 9, (124) p. 12, (132) p. 7, (iso)) as vacuoles 
of a special kind, the mode of origin of which is not clear. According 
to Chadefaud ((24) p. 192) they are formed only in the apical cells in 
Sphacelariales. 

The vesicles not uncommonly show movements which may be 
accompanied by change of shape ((13) p. 167, (30) p. 296, (77) p. 622, 
(113) p. 299, (119) p. 10, (124) p. 13) and are sometimes rapid ((48) p. 296) ; 
it is not clear whether these movements result from cytoplasmic 
streaming or from physical causes. There is some evidence that the 
vesicles can ijaultiply by division ((20), (24) p. 223, (132) p. 8), and Kylin 
((121) p. 403) believes that several may fuse. Chadefaud ((24) p. 229) 
provides data indicating a possible excretion of fucosan. 

The structures under discussion occur wherever intensive meta- 
bolism is taking place and are no doubt a by-product, which is, 
however, intimately related to the processes of nutrition^ ((24) p. 227, 
(124) p. 18, (132) p. 9, (240) p. 38). Comment is frequently made on the 
absence of fucosan-vesicles from the cells adjacent to the endophytic 
filaments of ** parasitic Algae, as for instance in Ascophyllum attacked 
by Polysiphonia fastigiata (p. 548); this is evidence of a metabolic 
disturbance, but does not imply that the vesicles are of the nature of 
a food-reserve. There does not appear to be any good evidence that 
they accumulate in the light, in fact in Ectocarpus siliculosus an 
increase during prolonged darkness is recorded ((109) p. 309). Knight 
reports diminution during nuclear division, while Sauvageau ((206) 
p. 44) describes a progressive decrease during the maturation of the 
sporangia of Saccorhiza. Fucosan-vesicles are often found in the 
young cells of hairs (20). In Fucus serratus Pontillon (184) observed a 
greater abundance of the vesicles at low than at high tides, as well as 
on the side facing upwards during exposure ; this latter is not due to 

^ Chadefaud ((24) p. 194; cf. also (15O p. 8) recognises similar structures in 
certain Xanthophyceae (i, p. 492), as well as in Chrysomonadineae and 
Euglenineae, but it remains doubtful whether they are of the same nature. 
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illumination, since the same effect is observed when the thallus is 
shaded. 

In certain Phaeophyceae (Sphacelariales, p. 265) the fucosan- 
vesicles accumulate in special cells; such are also the ascocysts of 
Ascocyclus (fig. 8 D, a, p. 59) and the ‘‘ glands of certain Laminariales 
((204), (2 o 6) p. 10; fig. 86 D, F, p. 239). 

Products of Photosynthesis 

Kylin ((120) p. 175, (121) p. 363, (123), (128) p. 10; cf. also (238)) is of the 
opinion that simple reducing sugars (dextrose) constitute the first 
products of photosynthesis, but that they occur in such small quan- 
tities that they can only be detected after concentration ; others ((29), 
(86) p. 41, (iQs) p. 421) have failed to obtain evidence of their presence. 
Haas and Hill (69) found a pentose in the forma libera of Pelvetia 
canaliculatay but could not detect it in Fucus serratus and Ascophyllum 
nodosum \ cf. also the fucose of various investigators ((68), (169) p. 301). 
Kylin believes he has detected a disaccharide (laminariose). 

Of frequent occurrence are dextrin-like polysaccharides grouped 
as laminarin^ ((120), (121) p. 371, (123) p. 239, (195), (239), (256)). They 
appear to constitute food-reserves and are believed by Kylin to arise 
from the simple sugars of photosynthesis. After extraction laminarin 
appears as a white, tasteless powder soluble in water, the solution 
being laevorotary. It is not coloured by iodine, assumes a faint red 
tint with Fehling’s solution, and is transformed into dextrose on 
hydrolysis with sulphuric acid, as well as after treatment with diastase 
((121) p. 371). Laminarin is particularly abundant in Laminaria 
(cf. also (64) p. 36), whilst Fucus vesiculosus and Ascophyllum nodosum 
contain relatively little; in Laminaria it occurs copiously during the 
summer and is used up in winter ((120) p. i86, (121) p. 398). It appears 
to be lacking in diverse other Phaeophyceae that have been investi- 
gated (e.g. Halidrys siliquosa. Chorda jilumy Chordaria flagelliformisy 
etc. ; (29), (123) p. 240). Enzymes capable of hydrolysing carbohydrates 
have been demonstrated in Laminaria (47,239) and Nereocystis (230). 

Mannitol appears to be more widely distributed.^ Haas and Hill 
((72) p. 56 ; cf. also (29)) indeed suggest that it may be universal and 
that the presence of such sugar alcohols may account for the extreme 
scarcity of free sugars, which are supposed to undergo immediate 
conversion into alcohols and polysaccharides. According to Kylin 
mannitol occurs as a frequent food-reserve in Laminariales, Fucales, 
etc., but he failed to find it for instance in Desmarestia viridis and 
Stilophora rhizodes\ in Laminaria the amount varies in different 
seasons ((19s) p. 423). The mannitol is sometimes present (70) as an 

^ This is the fucosan of Hansteen ((76) p. 346). 

^ See (64) p. 36, (70), (120) p. 174, (123), (169) p. 299, (19s) p. 421, (216) p. 97, 
(227). 
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anhydride (mannitan). Oxalates are recorded in diverse Phaeo- 
phyceae ((121) p. 351, (128) p. 10). 

Fats are commonly present ((iS) p. 156, (20) p. 17, (119) p. 22), being 
recorded in Fucales (especially Ascophyllum), in the young sporangia 
of Chorda filum^ in the photosynthetic tissues of Laminaria^ etc. There 
is a greater amount of fat ((72) p. 56, (200)) in exposed forms (Pelvetia) 
than in those which are mainly submerged {Laminaria) ; moreover the 
fats in the former are more highly saturated. There is also some 
seasonal variation. 

The facts indicate that Brown Algae possess a carbohydrate meta- 
bolism which shows many distinctive features, although clearly 
following a course parallel with that of other holophytic plants. 
Little is known of the nitrogen metabolism. Nitrates are sometimes 
recognisable in the growing apices (233), although absent from older 
parts ((121) p. 339, (171) p. 280). In Laminaria they are found in the 
stipe, but there is little in the blade or in the transition zone ((232) 
p. 83); according to Wille ((247) p. 330) the newly developing blades 
are richer in nitrogen and phosphorus than the old blades or the 
stipes. Hoagland ((86) p. 46) concludes that much of the nitrogen 
present is not in the form of proteins. In the littoral Fucales Haas 
and Hill ((71), (72) p. 64) found an octapeptide of glutamic acid, 
although this was lacking in the forms inhabiting the lower zones. 
It is suggested that this is due to interruption of the normal meta- 
bolism of the former owing to the long periods of emersion. In 
artificial cultures growth is usually markedly increased by the addition 
of nitrates to the sea-water (122). Phosphates are easily demonstrated 
in diverse Phaeophyceae ((121) p. 341), while Desmarestia is rich in 
sulphates. The larger Brown Algae have been an important source 
of potash, to which they largely owe their manurial value. 

Diverse Laminariales and Fucales contain considerable quantities 
of vitamins (259, 261. 263), the vitamin C in Laminaria being more 
abundant in spring than in winter. 

Iodine 

The larger Brown Algae were long one of the sources of commercial 
iodine (cf. (51), (53)). Whereas sea- water only contains on the average 
2 mg. of this element per litre, largely in an organic form (6s), the 
species of Laminaria in particular contain appreciable amounts, 
although the data as to the actual percentage in the dry weight 
((6), (57), (64) p. 36, (129) p. 60, (216) p. 96, (247) p. 336) are rather variable. 
Kylin ((126) p. 59; cf. also (57), (241)) gives the following percentages of 
KI in the fresh weight : L. saccharina, stipe, o- 19 ; transition zone, 0*30 ; 
L, Cloustonij stipe, 0*30 ; other data for Laminariales are : Nereocystis 
((196) p. 91), o*o8-o-22%; Eisenia bicyclis{l^^), 0*15-0*35%. On the 
other hand the amount in Fucales is less, being only 0*02% in 
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Himanthalia, although Scruti (215) gives for Sargassum linifoliutn o* 12 % 
or less (cf. also (237), (268)). Kylin(i26) also quotes low values for many 
other Brown Algae. In Laminarias there is more iodine in the younger 
than in the older parts, and the amount is greatest in July and 
decreases markedly in autumn (60), (61), (215). Opinions differ as to the 
form in which the iodineoccurs (s8),(59),(2i6) ; according to some (53), (177) 
most of it is present as an organic compound soluble in water. The 
presence of iodides in the vacuoles can be demonstrated with cresyl 
blue ((39) p. 187, (40) p. 39, (126) p. 53, (148), (149)). 

The localisation of iodine in special cells, such as is typical for 
diverse Florideae (p. 586), has not been observed in Phaeophyceae. 
On the other hand, the latter are distinguished by the liberation of 
iodine from the living alga under natural circumstances ((36-40), (43-46), 
(126) p. 78, (127), (231), (241) p. 66). This is very marked in certain seasons 
in the European species of Laminaria^ as well as in Ascophyllum 
nodosum and Pelvetia canaliculata, less obvious in Alaria and in the 
species of Fiicus\ it takes place from the surface-layer ((36) p. 514, 
(37) p. 97) and is readily demonstrated by the blue colour assumed by 
starch-paste. Kylin ((126) p. 73) showed that the escape of iodine 
depends on the presence of ‘iodide-oxidases’ (cf. also (3), (189), (216) 
p. 88), which are believed to be located in the outer walls of the 
surface-cells ((44) p. 235, (46), (127) p. 206). In the presence of oxygen 
(cf. also (37) p. II I, (39) p. 218) and of an acid reaction in the membrane, 
these enzymes act upon the iodides that have diffused into the walls. 
The liberation of iodine must depend also on various causes affecting 
the degree of permeability of the cytoplasm of the surface-cells to the 
iodides of the sap. Liberation of iodine is in fact increased by im- 
mersion and exposure, by variations in temperature, wave-action, 
etc. (45). Regarding peroxidases, see (264). 

The Nucleus 

The nuclei of Phaeophyceae are usually large, their size being often 
closely related to that of the cell. Those of apical cells are commonly 
especially conspicuous and this is particularly marked in Sphace- 
lariales, the nuclei of which have, as a consequence, been frequently 
investigated ((28) p. 10, (54), ( 66 ), (85) p. 347, (91), (234), (255)). A multi- 
nucleate condition is exceptional, although recorded in some Lami- 
nariales and in the older cells of Halopteris. The nuclei possess a 
large and readily stained nucleolus, and a delicate network, usually 
with little chromatic material (fig. 3 , A, E), although obvious chromatin 
masses are reported in a few Fucales (fig. 3 F ; (199) p. 170); some of 
the latter have nuclei with two nucleoli (fig. 3 F, n). The nucleoli are 
frequently vacuolate and this apparently becomes more marked during 
mitosis. 

No other class of Algae affords such clear examples of centrosomes 
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which, however, seem to be most readily demonstrated in the higher 
orders and in certain instances have only been recognised in the 
reproductive cells ((2), (152) p. 9). They are very conspicuous in the 
apical cells of Sphacelariales (fig. 3 B, c), in Dictyotales (fig. 3 A, 



Fig. 3. Nuclei of Phaeophyceae. A, Dictyota dichotoma (Huds.) Lamou] 
B, Halopteris scoparia (Kiitz.) Sauv., metaphase. C, Pylaiella littoralis (L., 
Kjellm., upper nucleus in metaphase. D, G, H, Fucus vesiculosus L. ; D, 
metaphase; G, polar view of anaphase; H, late anaphase. E, Bifurcaria 
tuberculata Stackh. F, Fucus lutarius Kiitz. c, centrosome ; chy chromosomes ; 
w, nucleolus. (A after Mottier; B after Escoyez; C after Knight; E, F after 
Roy; the rest after Yamanouchi.) 

(16) p. 144, (166), (167) p. 170), and in Fucales (fig. 3 D, c; (176), (199) 
p. 176, (252) p. 175). The centrosomes, which are commonly described 
as rod-shaped, always lie in close contact with the nuclear membrane 
and are usually the centre of cytoplasmic radiations (fig. 3 A, B, D) 
which have sometimes alone been observed ((79) p. 242, (Ss) p. 348); 
in Cutleriales ((253) p. 448, (254) p. 4) and in certain other instances 
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((a8) p. ii) they have only been recognised at metaphase. According 
to Zimmermann ((25s) p. 121) the radiations around the centrosomes 
of Sphacelaria arise through a reorientation of the cytoplasmic 
lamellae between the alveoli, which is accompanied by an increase in 
viscosity ; this definite orientation is lost during metaphase. 

At the commencement of mitosis the nucleus usually enlarges and 
two centrosomes with accompanying radiations become visible (fig. 3 A). 
It is still a matter of debate whether the second centrosome arises by 
division (167), (234) or de «ot;o (54) ; according to Georgevitch (66) it is intra- 
nuclear in origin and derived from the fragmenting nucleolus. During 
prophase the chromatin in the outer nucleus increases in amount and 
gradually aggregates to form the small chromosomes; simultaneously 
the nucleolus stains less deeply and becomes more evidently vacuolate, 
although as a general rule persisting up to metaphase. Diverse earlier 
workers ((54) p. 189, (167) p. 173) concluded that the nucleolus con- 
tributed material for the development of the chromosomes, but this is 
unlikely. Spireme-like stages have occasionally been reported ((16) 
p. 144, (28) p. 10, (167) p. 175, (248) p. 143). The spindle always appears 
to be intranuclear (fig. 3 B-D) ; the nuclear membrane is in fact very 
persistent, except at the poles, where the fibres of the spindle converge 
on the centrosomes (fig. 3 B). When aggregated on the equatorial plate, 
the chromosomes are rounded or slightly elongated (fig. 3 B-D, G, ch). 
There is often a considerable contraction of the nucleus at metaphase. 
The cell-plate is formed by arrangement in one plane of the cytoplasmic 
lamellae between the alveoli ((31) p. 453, (167) p. 181, (234), (252) p. 179, 
(255) p. 126). There is never any relation to the nuclear spindle. 

The reduction division, which except in Fucales is always located in 
the unilocular sporangium,^ presents no special features. A distinct 
spireme stage is mostly recorded, followed by often long-continued 
synezesis and diakinesis (figs. 54 B-D ; 89 G-I ; pp. 164, 246). Centro- 
somes have usually been observed and the spindles are intranuclear. 
The haploid number of chromosomes is given as : 8-10 in Ectocarpales, 
although Abe (2) states that the number is 20 in Heterochordaria ; usually 
16 in Sphacelariales and Dictyotales; 13-15 in Laminariales ; 24 in 
Cutleriales. In Fucales Yamanouchi and most recent workers ((i), (96) 
p. 12, (175), (235)) report 32 chromosomes, and the lower numbers given 
for Sargassum by Kunieda (us), as well as by earlier investigators (cf. 
(107) p. 186), are probably erroneous. The data suggest that there may 
be a greater measure of uniformity than is at present apparent. 

The General Facts of Reproduction 

Except for the Dictyotales and Fucales, all Brown Algae ^ reproduce 
by zoospores piroduced in definite sporangia," which are borne on the 
diploid phase. Among Ectocarpales and Sphacelariales there are 

^ See (i), (16) p. 146, (28) p. 12, (85) p. 350, (89) p. 35, (108) p. 350, (109) p. 314, 
(152) pp. 10, 27, (248) p. 145, (252) p. 179, (253) p. 469> (254) p. 21, (266) p. 677. 

® The Tilopteridales, which show special features, not yet clearly under- 
stood (see p. 153), are omitted from this general consideration. 
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commonly two kinds of sporangia, spoken of as unilocular and pluri- 
locular respectively, but in all other zoosporic Phaeophyceae only the 
unilocular sporangium is represented on the diploid plant. This 
sporangium, as the name implies, is not partitioned (fig. 4 B, C, w), 
and the more or less numerous motile elements produced within it 
are formed simultaneously, after completed nuclear division, by 
separation of the cytoplasm into as many uninucleate portions (figs. 
43 A-D ; 89 A-F). The sporophytes of Dictyotales possess a special 
type of unilocular sp6rangium {tetrasporangium^ fig. 108 G) producing 
usually four motionless spores. Meiosis in all Brown Algae, except 
Fucales,Js associated with th6 first nuclear divisions in the unilocular 
sporangium so that the spores derived from it are normally haploid. 

The plurilocular sporangium, on the other hand, is divided by 
transverse, and often also by longitudinal, septa (fig. 4 A, H, p) into 
numerous small compartments, each forming a single swarmer. No 
reduction occurs during the differentiation of the plurilocular 
sporangium and the zoospores it produces are therefore diploid. In 
the more advanced Ectocarpales and Sphacelariales such sporangia 
are commonly rare or lacking on the diploid phase, an indication of 
the evolutionary trend that has resulted in their complete dis- 
appearance in the sporophytes of the other zoosporic orders (Cut- 
leriales, Desmarestiales, Laminariales). 

The zoospores from the mijlocular sporangia produce haploid 
gametophytic stages (figs. 4 F ; 47 F-H), while those from the 
plurilocular sporangia constitute an accessory means of reproduction 
of the diploid phase. The gametophytic stages in the less specialised 
Phaeophyceae (Ectocarpales, Cutleriales, Sphacelariales) bear repro- 
ductive organs, in general character altogether identical with the 
plurilocular sporangia of the diploid phase, although unilocular 
sporangia are never present. The plurilocular sporangia of the haploid 
phase are, however, gametangia, and their swarmers, identical in form 
with those of the diploid phase, behave as gametes, although frequent 
apogamy occurs, at least in artificial cultures. The complete similarity 
of the gametangia of the haploid, and of the plurilocular sporangia of 
the diploid, phases long encumbered the elucidation of the life-cycle 
of Ectocarpales. 

In most Ectocarpales, and probably also in many Sphacelariales 
(p. 291), the fusing gametes are morphologically identical, but pro- 
nounced anisogamy is found in a limited number of Ectocarpales 
(p. 122), as well as in Cutleriales (fig. 53 F). All other Phaeophyceae 
exhibit oogamy, usually with the production of a single ovum in the 
oogonium, although a few Fucales produce several (cf. p. 370). The 
ova are almost invariably extruded prior to fertilisation. The male 
cells, always motile, are commonly produced singly in the antheridia 
(Desmarestiales, fig. 62 K, L; Laminariales, fig. 4 F, s), although in 
Dictyotales (fig. 112 B, F) the male organ has the form of a pluri- 
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Fig. 4. Reproduction of Phaeophyceae. A, Pylaiella littoralis (L.) Kjellm., 
with plurilocular sporangia. B, Ectocarpus confervoides (Roth) Le Jol., with 
unilocular sporangia. C, Saccorkiza bulbosa De la Pyl., mature unilocular 
sporangium and two paraphyses. D, Laminaria saccharina (L.) Lamour., 
zoospore. E, Ectocarpus subcorymbosus Farl., basal part of a plant. F, Alaria 
crassifolia Kjellm., male prothallus. G, Ectocarpus reptans Crouan, with 
plurilocular sporangia. H, Castagnea contorta Thur., with plurilocular 
sporangia, a, antheridium; b, basal system; c, chromatophore ; e, erect 
system; ev, point of evection; /i, hair; p, plurilocular and unilocular 
sporangium; s, spermatozoid ; st^ stigma. (C after Thuret; D, H after 
Kuckuck; F after Kanda; the rest after Taylor.) 
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locular sporangium and in Fucales considerable numbers of spermato- 
zoids are produced in the antheridium. The zygote invariably 
germinates without a resting period. 

The motile cells (26), whether zoospores, gametes or spermatozoids, 
are of a uniform type (fig. 4 D). The two flagella are attached laterally, 
commonly rather nearer to the posterior end of the pear-shaped body ; 
they are of unequal length, the longer usually directed forwards 
(fig. 47 N), and the shorter backwards during movement (114), (222). 
The eye-spot is usually adjacent to the point of attachment of the 
flagella (fig. 4 D, st), and is directly apposed to the often single 
chromatophore or (in the spermatozoids of Fucales) represents the 
chromatophore itself ; when several chromatophores are present 
(fig. 54 H), one bearing the eye-spot lies adjacent to the place of 
origin of the flagella. The tip of the longer flagellum often acts as a 
sucker when the swarmer settles on a substratum, while it commonly 
serves to attach the male to the female cell (cf. fig. 44 B). As already 
indicated the uniformity of the motile element in Phaeophyceae 
implies a common origin for the members of this class from unicellular 
organisms presenting these particular characteristics. 

So far as the evidence goes, the life-cycle normally involves an 
alternation between two phases, with reduction in the unilocular 
sporangium. In Ectocarpaceae and a few other Ectocarpales the two 
phases are alike and the alternation is J^pmprphic ; this is also so in 
Dictyotales, Zanardinia, and probably all Sphacelariales. On the 
other hand the majority of Ectocarpales, as well as Sporochnales, 
Desmarestiales, and Laminariales, exhibit a marked heteromorphic 
alternation, with minute filamentous gametophytic stages (fig. 4 F). 
It is evident that in the Ectocarpales the heteromorphic alternation is 
derived from an isomorphic one (p. 127), and this is likewise probable 
in Cutleria (p. 169). There is, moreover, every reason to suppose that 
in Desmarestiales and Laminariales also the marked contrast between 
the two generations is secondary. In other words isomorphic alterna- 
tion probably represents the primitive condition in this class (2s«). The 
Fucales afford no evidence of an alternation of phases, the diploid 
plant bearing sex organs as the only organs of reproduction. The life- 
cycle is here probably a highly derived one, the elucidation of which 
presents many difficulties (cf. p. 380). 

Classification and Status of Phaeophyceae 

Most of the orders of Phaeophyceae have long been recognised and 
are so clearly defined that there is no difference of opinion about their 
delimitation. Since a better knowledge of the life-cycle of the simpler 
Brown Algae has become available, rather diverse views have, however, 
been expressed as to their classification and still another grouping is 
adopted here. The reasons for this attitude are given on p. 138, where 
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also some of the other schemes are discussed. The old subdivisions 
((104) p. 1 8o)“-Phaeosporeae, Acinetae, and Cyclosporeae — can now 
scarcely be maintained. With few modifications the following nine 
orders in which I group the Phaeophyceae correspond to those of 
01tmanns(i79): 

I. Ectocarpales. Filamentous or bulky pseudo-parenchymatous (uni- 
or multiaxial) or true parenchymatous types showing an obvious 
derivation from a heterotrichous filament; growth for the most part 
intercalary; asexual reproduction by zoospores from unilocular and 
plurilocular sporangia, sexual reproduction mostly isogamous , rarely 
anisogamous ; alternation isomorphic or more commonly heteromorphic. 

II. Tilopteridales. A problematic group of heterotrichous fila- 
mentous forms with intercalary growth; asexual reproduction by 
zoospores from unilocular (and plurilocular?) sporangia, as well as by 
“monospores”; sexual reproduction possibly anisogamous; alternation 
probably isomorphic. 

III. Cutleriales. Thallus composed of congenitally fused threads, 
with trichothallic growth; isomorphic or heteromorphic alternation, 
the diploid phase reproducing by zoospores formed in unilocular 
sporangia, the haploid phase with plurilocular gametangia showing 
marked anisogamy. 

IV. Sporochnales. Forms with bulky and complex thalli derived 
from a primary uniaxial construction; growth intercalary; asexual 
reproduction by zoospores formed in unilocular sporangia; sexual 
reproduction probably oogamous ; alternation heteromorphic. 

V. Desmarestiales. Uniaxial forms with complex cortication and 
intercalary growth ; asexual reproduction by zoospores formed in 
unilocular sporangia; sexual reproduction oogamous; alternation 
heteromorphic. 

VI. Landnar tales. Bulky parenchymatous forms, mostly of large 
dimensions, with considerable morphological and anatomical differentia- 
tion ; growth intercalary ; asexual reproduction by zoospores formed in 
unilocular sporangia; sexual reproduction oogamous; heteromorphic 
alternation. 

VII. Sphacelariales . Relatively small parenchymatous forms showing 
wident heterotrichy ; apical growth; asexual reproduction by zoospores 
formed in unilocular sporangia; sexual reproduction isogamous (and 
oogamous?); isomorphic alternation probable. 

VIII. Dictyotales. Little differentiated parenchymatous forms, often 
with dichotomous branching; apical growth; asexual reproduction by 
motionless tetraspores formed in a unilocular sporangium; sexual 
reproduction oogamous ; alternation isomorphic. 

IX. Fucales. Parenchymatous forms with complex morphological 
and anatomical differentiation ; apical growth ; no asexual reproduction ; 
sex organs borne in conceptacles on the diploid phase and exhibiting 
meiosis during the formation of the sexual cells ; no evident alternation. 

The Phaeophyceae present no obvious affinities vfith any other 
class and are indeed in most respects so sharply circumscribed that 
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little opportunity is afforded for speculations on their relationships. 
The possible similarity in pigmentation with Bacillariophyceae 
(Diatoms) is, if it exists, the only point of resemblance. The suggested 
derivation from Xanthophyceae ((49) p. 162) is based on incorrect 
assumptions. Various earlier authorities have sought an affinity 
between Dictyotales and Florideae on the grounds of the presence of 
motionless tetraspores in both and the supposed immobility of the 
spermatozoids in the former. Neither argument has, however, stood 
the test, since there is evidence to show that the Dictyotaceous tetra- 
sporangium is a special form of the ubiquitous unilocular sporangium, 
while Lloyd Williams has demonstrated that the spermatozoids con- 
form to the motile type of other Phaeophyceae. 

On present evidence this class must be regarded as an altogether 
distinct evolutionary line (Phaeophyta). Its many approximations in 
morphological and anatomical respects (foliar differentiation, axillary 
branching, conducting system with sieve-tubes, secondary growth) 
to higher plants are no doubt but an expression of the general evolu- 
tionary trend within the plant-kingdom. As such and as examples of 
parallelism they are of the greatest possible interest, but they are 
undoubtedly without any direct phylogenetic significance. Attention 
may be drawn to the fact that similar specialisations are encountered 
also in Florideae with their altogether different basic construction and 
highly distinctive reproduction. 

Among the few fossil types that have been ascribed to Phaeophyceae 
the most striking is Prototaxites {NematophycuSy Nematophyton (m), 
(137), (138) p. 259, (219) p. 192) from the Silurian and Devonian. The 
remains, some of which reach a diameter of i metre, consist of loosely 
aggregated forked threads, sometimes interwoven with much narrower 
ones (hyphae?). Periodic differences in the thickness of the walls of 
the threads occasionally give the appearance of growth-rings. In certain 
specimens ((100) p. 885) threads running perpendicular to the medullary 
region have been recognised. This form appears to have a multiaxial 
construction and might represent a large member of Ectocarpales ; since 
there is no true parenchymatous structure, a reference to Laminariales 
((ni), (183) p. 95) cannot be supported. Lang ((138) p. 287) points out 
that there is no satisfactory evidence that Prototaxites is a member of 
Phaeophyceae or that it was an aquatic type. 
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Order I. ECTOCARPALES 

The numerous seaweeds grouped in this order have long been 
recognised as a coherent entity, though with increased knowledge of 
the processes of reproduction and of the course of the life-cycle 
diverse views as to their taxonomic arrangement have been formulated. 
The delimitation here adopted corresponds in many respects with 
the Ectocarpales of 01tmanns(i82), although he included in the latter 
the Sporochnales and Desmarestiales, which are now regarded as 
constituting separate orders. 

GENERAL CHARACTERISTICS 

The Ectocarpales as thus delimited include the least specialised 
members of the Brown Algae and present a wide diversity of structure, 
ranging from the simple filamentous types of the Ectocarpaceae to 
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relatively elaborate thalli. The latter are produced either by aggrega- 
tions of filaments and of their branches (multiaxial as in Leathesia, 
fig. 17 and Castagnea^ figs. 20, 21 ; uniaxial as in SpermatochnuSy fig. 27) 
or are formed by the repeated subdivision of the cells of primary 
erect filaments (parenchymatous types like PunctanUy fig. 31, and 
Scytosiphoriy fig. 34). Despite the considerable range in outward form 
and internal structure of the mature sporophytes, the younger stages 
of nearly all Ectocarpales show a clear derivation from the hetero- 
trichous filament seen in Ectocarpus and other Ectocarpaceae. 
Development commences with the production of a system of prostrate 
filaments (figs. 17 E ; 20 D) from which a number of upright branches 
sooner or later arise (fig. 31 A); one or more of the latter develop 
further to produce the mature plant (fig. 34 B, C). In other words 
the thallus, in all advanced Ectocarpales, is an elaboration of the erect 
threads of a primary heterotrichous stage. The growth of the thallus 
is diffuse or often accomplished by well-defined intercalary meristems 
(figs. 5 D ; 14 B, m)y but apical growth is met with in certain advanced 
forms. 

Many Ectocarpales bear colourless multicellular hairs ((171) p. 77) 
which commonly grow with the help of a basal meristem (figs. 9 E, H ; 
16 C, D, /^). A production of hairs seems to be a general characteristic 
of the primitive heterotrichous forms, being seen also in the Chaeto- 
phorales (i, p. 249) and in the Nemalionales among Red Algae, 
although the type of hair is variable. In the Ectocarpaceae the hairs 
usually terminate the branches of the filaments (fig. 5 D, A), whilst in 
the more elaborate Ectocarpales they either occur scattered (fig. 27) 
or united into characteristic groups (fig. 35 D), which are sometimes 
sunk in cavities (fig. 40 E). In some genera, especially among 
Myrionemataceae, the hairs are provided with a basal sheath^ (fig. 9 
E, H). Very similar to the colourless hairs are the structures (assimi- 
latory hairs) found in Elachista (fig. 13 A) and its immediate allies, 
in which the cells contain chromatophores. It can hardly be doubted 
that the two are homologous, although it is at present not clear which 
is the more primitive. 

Berthold ((28) p, 677 ; cf. also (178) p. 434) was of the opinion that the 
colourless hairs serve as a light-screen, whilst others ((180) p. 48, (183) 
p. 390, (214) p. 57, (22o) p. 207, (292) p. 37) have regarded them as 
structures serving mainly for the absorption of mineral nutriment and 
for gaseous exchange. The degree of development of the hairs is very 
variable, but little is known of the conditions that determine this; 
Kylin ((151) p. 12) found that germlings of Stilophora rhizodes and 
Asperococcus bullosus produced hairs only in those cultures in which 
the solution was changed daily. See also the discussion on the function 
of the hairs of Florideae (p. 450). 

^ Regarding its development, see (87) p. 4, (155) p. 27, (220) p. 204. The 
account of Parke ((187) p. 20) is erroneous ((246) p. 190). 
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The typical life-cycle in the Ectocarpales comprises an alternation 
between diploid and haploid phases, either of which seems to be 
capable of indefinite propagation, the diploid by accessory swarmers, 
the haploid by apogamous gametes. Although diverse departures 
from this normal life-cycle are known to occur (p. 137), an alternation 
of phases is probably of wide occurrence. In the Ectocarpaceae this 
alternation is essentially isomorphic, but in most of the advanced 
Ectocarpales it is heteromorphic, the elaboration of the upright 
system of the primary heterotrichous stage affecting only the diploid 
phase (sporophyte), while the haploid one (gametophyte) remains a 
mere filament. In other words, the sporophyte has evolved, whilst the 
gametophyte remains at the simple level of the Ectocarpaceae. In a 
few specialised Ectocarpales, however, the alternation is seemingly 
isomorphic (p. 130), both phases having undergone elaboration. 

Apart from the underlying heterotrichy, the Ectocarpales are 
characterised by asexual reproduction by zoospores and by a process 
of sexual reproduction which is for the most part isogamous, though 
there is usually a physiological distinction between the fusing gametes. 
This physiological anisogamy, which also commonly betrays itself in 
a different behaviour of the two gametes, is, in a small number of 
Ectocarpales (p. 122), accompanied by marked morphological dif- 
ferentiation, in certain instances leading to a state of anisogamy which 
is not far removed from true oogamy (fig. 46 E). So far, however, 
no example of sexual reproduction has become known among Ecto- 
carpales in which the female cell is non-motile. 

As in other Phaeophyceae, the reproductive cells are invariably 
produced in specially differentiated organs, the unilocular (fig. 5 B, u) 
and plurilocular sporangia (fig. 5 C, p). The former are always con- 
fined to the diploid phase and undergo meiosis during the formation 
of zoospores, so that the products of these zoospores are normally 
haploid and gametophytic. Plurilocular sporangia occur both on the 
diploid and haploid phases, being the only organs of reproduction 
found on the latter, where they constitute gametangia. The pluri- 
locular sporangia of the diploid plant exhibit no reduction division 
in the production of their swarmers, which are therefore diploid and 
serve to propagate the phase upon which they occur. The two phases 
of the life-cycle thus contrast also in their reproductive organs, the 
haploid bearing only plurilocular, the diploid usually both pluri- and 
unilocular sporangia. 

GEOGRAPHICAL DISTRIBUTION AND OCCURRENCE 

The Ectocarpales attain their chief development, both as regards 
abundance of individuals and numbers of genera and species, on 
temperate and polar (us) shores. Many of the genera and species that 
occur in the colder seas of the Northern Hemisphere are, however, 
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also recorded from the Mediterranean (40), (64), (98) and other warmer 
seas (33). In the actual Tropics, on the other hand, representatives of 
this order are relatively rare (cf. e.g. (32), (102)), although members 
of the Encoeliaceae {Colpomenia, Hydroclathrus^ Chnoospora) are wide- 
spread and the genus Ectocarpus seems to be practically ubiquitous. 
Certain genera (e.g. Myriogloea^ Splachnidium^ Scytothamnus) appear 
to belong essentially to the Southern Hemisphere, although pene- 
trating some way towards the Tropics, but information as to the 
distribution of the southern Ectocarpales is still rather fragmentary. 
Coilodesme is characteristic of the Pacific coast of North America, 
though a few species also occur in Japan ; another widespread North 
Pacific type is Heterochordaria. Several genera [GeminocarpuSy Caepi- 
dium) appear to be confined to the Antarctic. 

The majority of the Ectocarpales are annuals, the diploid phases 
often being represented only for a few months in the year, while at 
other times they are lacking. During the period of absence they 
persist as minute filamentous sporo- or gametophytic stages (p. 132), 
although their mode of occurrence in nature is at present hardly 
known. The sporophytes in large part inhabit the lower part of the 
intertidal zone or the sublittoral region, but Ralfsia^ some species of 
Pylaiellay ElachistUy and Punctaria, as well as Chordaria flagelliformiSy 
Dictyosiphon foeniculaceuSy and Scytosiphon Lomentariay are commonly 
met with in the upper part of the littoral (cf. (130)). 

THE GENERAL FEATURES OF VEGETATIVE 
ORGANISATION 

(rt) The simple filamentous Types and their immediate 

DERIVATIVES (EcTOCARPACEAE) 

Ectocarpus ((87) p. 14, (u4) p. 34, (131), (132), (199) p. 21), with numerous 
species found especially in the colder seas, appears from every point 
of view to be the most primitive of living Brown Algae. The prostrate 
system of the heterotrichous filament (fig. 4 E; 5 J, is well marked 
in diverse species, although it is uncertain whether it occurs in all; 
as in other heterotrichous types, it evidently varies in its degree of 
development. The erect system not uncommonly, and perhaps 
typically, consists of but few erect, copiously branched filaments 
((147) p. 8), but there would seem to be all gradations between this 
condition and that in which the prostrate base bears a more or less 
considerable number of little branched erect threads (figs. 4 G ; 7 A) 
and itself constitutes an essential part of the vegetative system ; such 
forms grade over to the reduced types considered below and to the 
Myrionemataceae (p. 60). 

Species with well-branched erect threads form the brown tufts 
(fig. 5 A) which are familiar objects attached to the rocky sides of 
tidal pools and to other larger Algae, both in the littoral and sublittoral 
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Fig. 5. Ectocarpus and Pylaiella, A, Ectocarpus tomentosus (Huds.) Lyngb., 
habit. B, C, E, I, E. siliculosus (Dillw.) Lyngb. ; B with unilocular, and C with 
plurilocular sporangia; I, single cell. D, E. irregularis Kutz., trichothallic 
growth. F, E, hreviarticulatus J. Ag., hooked branch. G, E. criniger Kuck. 
H, Pylaiella littoralis (L.) Kjellm., with unilocular sporangia. J, Ectocarpus 
cylindricus Saund., forma, heterotrichy. by basal system; hry branch; 
Cy chromatophore ; dy dehisced plurilocular sporangium; e, erect thread; 
eVy point of evection; hy hair; w, intercalary meristem; />, plurilocular, and 
Uy unilocular sporangium. (A, H, I after Taylor; F after Boergesen; J after 
Setchell & Gardner; the rest after Kuckuck.) 
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regions. There is commonly a marked difference in size between the 
main axes and the later branches^ which usually terminate either in 
a point (fig. 5 E) or in a series of elongate tapering cells, witlj^few or 
no chromatophores, forming a hair {E. siliculosus). The branches arise 
from just beneath the septa (fig. 5 13 , H) and frequently retain their 
lateral position, although evection (i, p. 234) may occur, resulting in 
apparent dichotomy (figs. 4^75^^^)- Attachment is commonly aided 
by the outgrowth of rhizoids from the lower cells of the main axis, 
and these may arise in such numbers as to form a basal cortication 
(e.g. E. granulosus C. Ag. (95) pi. 200). ' In several species the erect 
threads tend to coil around one another or to become matted together. 
The former condition is commonly seen \n .E. fasciculatus Harv. 
((95) pi. 273) and E, siliculosus y while in E. breviarticulatus ((32) p. 173, 
(256) p. 429) and E. tomentosus ((95) pi. 182, (209)) — the latter a frequent 
epiphyte on Fucus — the main filaments become twisted to form tufts, 
from 1-3 mm. thick (fig. 5 A), the individual strands .of which are 
bound together by means of numerous short bent branches (fig. 5 F) 
or by rhizoid-like structures. This condition recalls that found in 
Spongomorpha (i, p. 237). Regeneration of wounded threads has been 
studied by Prowazek ((191) p. 746). 

Growth of the prostrate system is apical, but that of the erect 
threads shows considerable diversity ((135) p. 179, (182) p. 6). Apical 
growth seems to be exceptional, although it is recorded in E. lucifugus 
Kuck. ((182) p. 8) and E. chantransioides S. & G. ((253) p. 406). In most 
species (e.g. siliculosus) the erect threads show diffuse growth 
(fig. 5 E), although in some instances (e.g. E, granulosus y cf. (182) p. 7) 
there may be localisation of division to certain places. Definite inter- 
calary meristems are found only in a limited number of species 
{E, paradoxus Mont., E. Lehelii Crouan, E. irregidaris Kiitz., etc.) in 
which the entire growth of the individual branches is restricted to 
certain zones, each situated at the base of a hair (fig. 5 D). The cells 
of the meristem (m) cut off segments both above and below, the former, 
which are few, adding to the length of the terminal hair (/?), while the 
latter give rise to ordinary photosynthetic cells from which also 
branches {hr) are produced. This is ^k^^^icliotliallic grozvih\ ((106) 
p. 105) characteristic of diverse Ectocarpales, as well as of other orders 
of Brown Algae. Some species exhibiting this type of growth (e.g. 
E. irregularis (244) p. 103) also show occasional divisions in the main 
axes. 

Hairs are by no means confined to the species possessing trichothallic 
growth, occurring also in some with diffuse growth {E, silictdosus). In 
certain of these (e.g. E. criniger (135) p. 178) the hairs are in part narrower 
than the underlying thread and originate from a well-defined basal 
meristem (fig. 5 G). 

When the erect threads are well developed, the sporangia are 
terminal on short lateral branches or not uncommonly are sessile on 
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the larger ones (fig. 5 B, C) ; in a few species {E, irregularis (244) p. 103 ; 
E. coniferus Boerg. (32) p. 167) they may appear in a pseudo-axillary 
position. The plurilocular sporangia are not infrequently surmounted 
by a few hair-cells (fig. 5 C). Pylaiella} ((37), (13O p. 3, (268) p. loi) 
has the same structure as Ectocarpus, except for a tendency to longi- 
tudinal division of the cells (fig. 4 A). It is characterised by the 
usual intercalary position of the sporangia (figs. 4 A; 5 H), the 
unilocular ones (w) occurring in short series. In the Pacific P. Postelsiae 
(259), in which only plurilocular sporangia are known, entire branches 
become converted into sporangia. 

According to Kylin ((154) p. 3; cf. also (162) p. 32) the common 
P. littoralis includes two different species, the one an epiphyte for 
which this name is retained, the other essentially a lithophyte (P. rupin-- 
cola (Aresch.) Kyi.), which is vegetatively distinguished by the coiling 
of the lower threads around one another; there are also differences in 
reproduction (p. 129). The rare P, fulvescens Bornet (37. 211) is distin- 
guished by the loose felting together of the erect threads by means of 
numerous rhizoid-like branches (see also p. 27). 

Several genera with well-developed erect threads show essentially 
the same vegetative features as Ectocarpus. Pleurocladia lacustris ((los) 
p. 1 14, (123), (291)), a rather rare freshwater form, is distinguished by the 
abundant deposition of carbonate of lime between the upright threads, 
which gives the minute, yellowish-brown cushions a certain rigidity. 
The numerous branches are short and tend to be unilateral (fig. 6 A) ; 
most of them ultimately bear unilocular (m) or plurilocular (fig. 6 C, p) 
sporangia. Sorocarpus uvaeformis Pringsh. ((i) p. 335, (45) p. 459, (119), 
(189)), a rare marine epiphyte, is characterised by bearing the small 
(plurilocular) sporangia (fig. 6 F, p) in grape-like clusters on short 
condensed branch-systems, usually situated at the base of a hair (see 
also (272)). 

In the Mediterranean Zosterocarpus ((38); inch Prototilopteris iisa) 
p. 359) the plurilocular sporangia form a peripheral girdle around a 
central cell from which they have been cut off by longitudinal walls 
(fig. 6 D, E, p). The genus is also distinguished by the position of the 
laterals opposite the septa (fig. 6 B) and the presence of enlarged 
fucosan-cells (/) with greyish contents (brown after death ; (240) p. 89). 
Its affinities are obscure, but the longitudinal septation that occurs in 
the formation of the sporangia recalls the condition found in the 
polystichous Ectocarpales (p. 96), and Zosterocarpus is possibly a 
reduced member of that series. In Geminocarpus ((257) p. 12, (261) p. 9), 
based on the Antarctic Ectocarpus geminatus Hook. fil. et Harv. ((14) 
p. 16, (94) p. 469), there is frequent longitudinal septation, but the 
sporangia are dispersed on lateral branchlets as in an Ectocarpus \ the 
branches are opposite. 

In the species of Ectocarpus with short erect threads the sporangia 
may arise terminally upon them {E, faeroensis Boerg. (182) p. 13), but 

^ Sometimes spelt Pilayella 
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in others they are borne directly on the prostrate base {E, elachistae- 
formisy fig. y A; E. Battersiiy fig. 7 B; (33) p. 36, (aoS)). The latter is 
then usually well developed and may branch so copiously as to become 



Fig. 6. A, C, Pleurodadia lacustris A. Br., erect threads, with the two kinds 
of sporangia. B, D, E, Zosterocarpus Oedogonium (Menegh.) Born.; B, 
threads showing mode of branching and fucosan-cell ; D, E, threads with 
plurilocular sporangia. F, Sorocarpus uvaeformts Pringsh., with plurilocular 
sporangia. /, fucosan-cell ; /i, hair; p, plurilocular and w, unilocular sporangia. 
(A, C after Wille; B after Sauvageau; D, E after Bornet; F after Pringsheim.) 

pseudo-parenchymatous (fig. 7 F, b). Apart from the fertile branches it 
may bear ordinary photosynthetic threads {E, elachistaeformisy fig. 7 
A, e\ (32) p. 174, (100) p. 470) which may exhibit a trichothallic 




Fig. 7. A, B, D-F, Reduced species of Ectocarpus, A, E. elachistaeformis Heydr. ; 
B, E. Batter sii Born. var. mediterranea Born., on Taonia\ D, E. velutinus 
(Grev.) Kiitz. on Himanthalia; E, E. Valiantei Born, on Cystoseira\ F, E. 
maculans Kuck., surface view of basal system, C, G, Streblonemopsis irritans 
Valiante; C, section of stratum; G, galls (g) on Cystoseira ericoides caused by 
the endophyte, b, basal system; Cy erect thread; hy hair; py plurilocular 
sporangium; pCy endophytic thread; w, unilocular sporangium. (A, B after 
Boergesen; C, G after Valiante; D, E after Sauvageau; F after Kuckuck.) 


stalks (fig. 7 F, /)). There is evidently considerable variation even in 
one and the same species ; thus, although the erect threads are often 
unbranched, they may occasionally show some ramification and bear 
the sporangia laterally (cf. (33) p. 36). 

Several species of Ectocarpus ((207); cf. also (85), (179) p. 212) have their 
basal filaments endophytic in (and perhaps to some extent parasitic 
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upon) the tissues of diverse larger Algae. The endophytic threads 
penetrate in all directions within the gelatinous walls of the substratum, 
often causing some distortion and sometimes extending to appreciable 
depths (fig. 7 D, pe ) ; E. Valiantei (fig. 7 E) produces galls on Cystoseira 
((207) p. 57) and E. deformans Dang, on Laminaria (si). The endophytic 
threads, however, retain their chroma tophores and do not in general 
enter the cells, although according to Sauvageau ((207) p. 78) this 
happens in E, minimus^ Certain of the species under consideration 
(e.g. E, luteolus Sauv. ; cf. also (159) p. 40) exhibit multiplication by 
means of threads that extend over the surface of the host and set up 
fresh infections. Others, which are probably more extreme “ parasites ”, 
ramify extensively within the host before any considerable growth 
develops at the surface {E. parasiticus Sauv. (20) p. 51, (s7), (207) p. 92). 
It is noteworthy that, in many of the reduced species of EctocarpuSy 
only plurilocular sporangia are known, and it is possible that some 
represent stages in the life-history of other Ectocarpales. Hamel ((87) 
p. xxiv) refers E. parasiticus and E. maculans to a separate genus 
Entonema. 

It is scarcely possible ((198) p. 41, (207) p. 5, (256) p. 408) to draw a 
hard and fast line between the reduced forms of Ectocarpus and 
Strehlonema ((47), (71), (149) p. 49, (150) p. ii, (189) p. 13, (219) p. 271); 
Levring ((159) p. 38), in fact, advocates the removal of E. parasiticus 
(cf. above) to this genus. In the typical species of Strehlonema 
(fig. 8 C, I, L) the plant consists almost wholly of the endophytic 
prostrate system, which consists of a loosely branched thread. The 
upright system is represented only by hairs and by the sporangia, 
which are often borne directly on the creeping threads and may not 
project beyond the surface of the host. A freshwater species epiphytic 
on Compsopogon has been described (12). More marked reduction is 
evident in Bodanella ((77) p. loi, (298)), a lithophyte found in the 
continental lakes ; here there is only the creeping system with unilo- 
cular sporangia borne on its upper surface. 

It is not altogether easy to demarcate Phaeostroma ((30) p. 441, (13s) 
p. 182, (162) p. 24, (203) p, 68) from Strehlonema. S. aequale Oltm.^ 
((179) p. 214), regarded by Kuckuck ((134) p. 385) as belonging to the 
former genus, is nowadays usually retained in Strehlonema ((87) p. 69, 
(162) p. 30). 

One of the simplest of the prostrate and probably reduced Ecto- 
carpaceae is Mikrosyphar ((24), (134) p. 380, (13s) p. 177, (136)), an endo- 
phyte in Zostera and in Red Algae. M. Polysiphoniae (fig. 8 A) occupies 
a subcuticular position within its host, whereas M. Porphyrae (fig. 8 K) 
develops numerous penetrating threads traversing the walls and ex- 
tending from face to face of the Porphyra~tha\\us ; there are also some 
projecting hairs (/?). Swarmers are liberated singly from the cells of 


^ This species was first found on Chorda by Buffham (42), who, however, 
regarded its plurilocular sporangia as belonging to the host (cf. (134) p. 386). 



Fig. 8. A, Mikrosyphar Polysiphoniae Kuck. B, K, M. Porphyrae Kuck.; 
B, threads from the surface; K, section of Porphyra {po) showing endophytic 
threads. C, I, Streblonema corymbiferum Setch. & Gardn. D-G, Ascocyclus 
orbicularis Magnus; D, section of mature disc; E-G, developing discs. 
H, L, Streblonema volubilis Pringsh. a, ascocyst; by basal system; e, erect 
thread; /, endophytic thread; hy hair; p, plurilocular sporangia; po, host. 
(A, B, K after Kuckuck; C, I after Setchell & Gardner; D-G after Kylin; 
H, L after Pringsheim.) 



6o 


ECTOCARPALES 


short 2-4-celled laterals, which Kuckuck regards as simple plurilocular 
sporangia (fig. 8 B, p). 

A more markedly parasitic type is constituted by Streblonemopsis 
((207) p. 100, (287)), the branched threads of which, anastomosing to form 
a network (fig. 7 C), occur within the surface of small richly lobed galls 
(fig. 7 G) on Mediterranean Cystoseiras; it is probable that the galls 
are caused by the presence of the endophyte. There are few upright 
threads (fig. 7 C, e). De Toni (285) would refer this genus to Reinsch’s 
Entonema. 

Ascocyclus^ occurs as minute epiphytic discs, superficially resembling 
those of a Coleochaete and usually circular in outline (fig. 8 E-G). They 
bear (fig. 8 D) uniseriate plurilocular sporangia (/)), hairs with a basal 
meristem (A), and long ascus-like cells {a) to which the genus owes its 
name. These ascocysts, when young, are filled with numerous fucosan- 
vesicles, while in older plants they are empty. Feldmann ((64) p. 256) 
has recently recorded unilocular sporangia. Many authorities place 
this genus among Myrionemataceae (cf. below). 

(A) The Haplostichous Ectocarpales 

The further evolution of the filamentous type illustrated by the 
Ectocarpaceae appears to have taken place in the two directions 
already referred to above, viz. either by the aggregation of threads 
and their branches affording multiaxial and uniaxial thalli or by the 
longitudinal septation of the primary erect threads. The two types 
of construction have been designated haplostichous and polystichous 
respectively by Kuckuck ((147) p. 6, (182) p. 5), and they are considered 
separately as a matter of convenience. The two series do not, how- 
ever, necessarily represent divergent lines, and some of the poly- 
stichous genera are perhaps related to certain haplostichous forms. 

Crust- and cushion- forming Types 

Those Ectocarpaceae, in which the prostrate base bears several little- 
developed erect threads, lead over to the forms included in Myrio- 
nemataceae ((159) p. 48, (256) p. 453). The species of Myrionema 
((6) p. 53, (25), (149) p. 34, (220)) are for the most part epiphytes forming 
minute, rounded or irregular, olive-brown discs; one of the com- 
monest is M. strangulans Grev. (M. vulgare Thur.), found on Ulvaceae 
and other Algae. M, aecidioides Sauv.^ ((220) p. 177) is an endophyte 

^ See (48), (64) p. 251, (97) p. 243> (*49) p. 39> (*62) p. 40, (166) p. 73, (199) 
p. 19, (220) p. 274, (268) p. 107. With reference to the nomenclature of the 
species of this genus, see (64) p. 251, (152) p. 22, (231) p. 13. 

* Ectocarpus aecidioides ((23), (70) p. 136, (202) p. 894); Phycocoelis aecidioides 
Kuck. ((133) p. 234). The species of the genus Phycocoelis^ established by 
Stromfelt (264), are in part referred to Myrionema ((220) p. 170), in part to 
Ascocyclus ((52) p. 122), while P. maculans Collins ((45) p. 459) is Hecatonema 
niaculans Sauv., which Levring ((i.';9) p. 45, (162) p. 36) refers to H. terminalis 
(Kiitz.) Kyi. 
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in Laminaria, In M. strangulans (cf. also (284)) and other species there 
is a compact one-layered basal stratum (fig. 9 A, B), which represents 
the first-formed part of the plant; it exhibits marginal growth and 
consists of clearly distinguishable radiating threads which show 
pseudo-dichotomous branching. In older individuals only the peri- 
pheral parts are directly attached to the substratum, while the central 
cells may produce rhizoids (fig. 9 C, J, r) of diverse length ((220) 
p. 200). In M, aecidioides the prostrate system creeps beneath the 
surface layer of the host, and a compact disc is only formed when the 
plant becomes fertile (fig. 9 F). 

Except in the marginal growing region nearly every cell of the basal 
stratum produces an erect thread. The majority of these upgrowths 
take the form of short simple (or rarely once-branched) photbsyn- 
thetic threads (fig. 9 C, e) which, though compactly aggregated and 
sometimes enclosed in common mucilage,^ are not laterally fused. 
As a general rule these erect filaments develop progressively from the 
centre outwards (fig. 9 E) and attain to a uniform height ; their growth 
is largely apical ((220) p. 209). In M. siliquosum ((246) p. 179) they are 
comparatively elongate and moniliform towards the summit. More 
or less plentiful colourless hairs (fig. 9 E, H, /?), provided with a basal 
sheath and elongating by means of the usual basal meristem, project 
from among the photosynthetic threads. They usually originate 
directly from the cells of the prostrate system and develop earlier 
than the surrounding filaments (fig. 9 E). 

The large unilocular sporangia are generally borne laterally on the 
basal cells of the photosynthetic threads (fig. 9 C, w), although in some 
individuals many arise directly from the basal stratum ; such are sessile 
or supported on a one-celled stalk. The uniseriate plurilocular 
sporangia of M, strangulans usually show the latter disposition 
(fig. 9 J, p), although sometimes lateral on the erect threads. In some 
species (e.g. M. patagonicum Skottsb. (261) p. 18) the basal system 
bears hairs and sporangia only. 

Other genera of Myrionemataceae show much the same structure. 
Ulonema rhizophorum Foslie ((23), (70) p. 13 1) is very similar to Myrio^ 
nema strangulans ((220) p. 233) and is indeed included in that species by 
Levring ((159) p. 48, (162) p. 38). In Hecatonema ((48), (149) p. 39, (160) 
p. 45, (220) p. 248, (261) p. 15) the photosynthetic threads are of unequal 
height and in part of considerable length (fig. 9 D) ; moreover many of 
the cells in the outer part of the basal stratum produce no erect growths. 
Kylin ((154) p. 8) is no doubt right in including in this genus Ectocarpus 
terminalis Kiitz. ((114) p. 54, (133) p. 376) which, in its sheathed hairs 
and other features, closely resembles the species of Hecatonema (cf. also 

This feature is more marked in Microspongium ((70) p. 130, (197) p. 20, 
(198) p. 46, (199) p. II, (247) p. 156, (267)), where the growths are gelatinous. 
The base in this genus is two-layered and the erect threads are usually 
branched. 




Fig. g. Myrionemataceae. A-C, E, J, Myrionema strangulans Grev. ; A, B, 
parts of basal system, in surface view; C, the same in section, with unilocular 
sporangia; E, development of hairs and of erect threads from the basal 
stratum; J, plurilocular sporangia. D, Hecatonema maculans Sauv., vertical 
section, with plurilocular sporangia. F, Myrionema aecidioides Sauv. on 
Laminaria {la), in vertical section. G-I, Chilionema Nathaliae Sauv. ; G, H, 
vertical sections with photosynthetic threads and plurilocular sporangia; 
I, habit, from the surface, a and e, erect photosynthetic threads; h, basal 
stratum; d, dehisced unilocular sporangium; h, hair; p, plurilocular and u, 
unilocular, sporangium ; r, rhizoid. (B after Kylin; F after Kuckuck; the rest 
after Sauvageau.) 
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(64) p. 261, (i6o) p. 45). Many of the latter, however, approach certain 
species of Ectocarpus rather closely. 

In Chilionema ((25) p. 371, (220) p. 263) the basal stratum bears dense 
tufts separated by areas in which few or no erect growths are produced 
(fig. 9 Gr-I). Both in Hecatonema and Chilionemay which are closely 
related ((190) p. 139), the cells of the basal layer undergo horizontal 
division (fig. 9 D, G, H). Only plurilocular sporangia are known. 
Compsonema ((33) p. 59, (64) p. 258, (143), (247) p. 154, (256) p. 473), 
a lithophyte recorded from the Adriatic and the Canary Isles, would 
seem to belong to this affinity, despite the extensive development of 
the erect threads. 

More distinctive types are constituted hy Petroderma and Nemoderma. 
In the former ((134) p. 382), which has been recorded also from Clare 
Island ((52) p. 123), the elongate erect threads (fig. 10 H, e) are held 
together only by mucilage. Both types of sporangia are terminal. 
Nemoderma ((40) p. 241, (144)) forms small brownish gelatinous crusts 
in the littoral and upper sublittoral regions of warmer seas. It was first 
described from near Tangier in Morocco, but has since been found 
also in the Mediterranean ((64) p. 201, (65) p. 201, (222)) and in the Canary 
Isles (33). The one- to three-layered basal stratum (fig. 46 A, h) bears 
elongate upright threads (e), which are held together only by the gela- 
tinisation of their walls ; in the older crusts the lower cells contain few 
or no chromatophores and appear to serve for storage only. The 
abundant hairs are sunk in groups in the crusts, their basal meristem 
in later stages producing ordinary thallus-cells below. Unlike the forms 
previously discussed, the unilocular sporangia develop from intercalary 
cells in the upper parts of the threads (fig. 46 D, w), while the sex organs 
are borne laterally at about the same level (fig. 46 A, may mi)y but on 
distinct individuals. The greater specialisation, evident in the structure 
of the thallus, as well as in the sexual process (p. 124), is also shown by 
the restriction of the reproductive organs to a special zone near the 
surface of the crust (cf. Elachistaceae). 

A different development of the type of structure under consideration 
is found in Ralfsia ((31), (32) p. 190, (198) p. 48, (199) p. 9; inch Stragu- 
laria Stromf. (69) p. 264), where the erect threads are coalescent 
(fig. 10 D, E, e). The species are perennials and form dark brown, 
almost black, often leathery crusts (fig. ii A), frequent on rocks in 
the littoral region. The crusts are circular, although older ones often 
possess a lobed margin; they frequently show concentric zonation 
(fig. 1 1 A) and may attain to 15 cm. or more in diameter. Older ones 
often exhibit considerable differences in thickness and have a rather 
uneven surface. Adjacent crusts commonly overgrow one another so 
that a complex structure may appear in transverse section. The basal 
layer (fig. 10 F) is either attached directly to the rock (fig. 10 E) or by 
means of septate rhizoids (fig. 10 D, r), and every cell bears an upright 
thread. These threads show apical growth and frequently fork a little 
way above the base (fig. 10 D, e); in some species (e.g. R, verrucosa 




Fig. lo. Myrionemataceae. A, Sytnphyocarpus strangulans Rosenv., section 
of stratum. B, C, Heribaudiella fluviatilis (Aresch.) Sved.; B, young and C, 
mature plurilocular sporangia. D, F, G, Ralfsia clavata (Carm.) Crouan; 
D, section of stratum, with mature unilocular sporangia; F, part of basal 
stratum, from below; G, small part of stratum in vertical section, with 
plurilocular sporangia. E, R. verrucosa Aresch., vertical section of a growing 
thallus. H, Petroderma tnaculiforme Kuck., erect threads with plurilocular 
sporangia, by basal stratum; r, chromatophore ; dy dehisced unilocular 
sporangium; e, erect threads; /, fucosan-cells ; /i, hair; py plurilocular and m, 
unilocular sporangium; py, pyrenoid; r, rhizoid; r, swarmer. (A, H after 
Kuckuck; B, C after Svedelius; the rest after Reinke.) 
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(106) p. 103, (133) p. 244) they are arched (fig. ip E). Long colourless 
hairs with a basal meristem, borne on the ends of short threads 
(fig. 10 D, h) or arising directly from the basal system, appear em- 
bedded among the fused threads ; they either occur singly or appear 
in tufts which sometimes arise from funnel-shaped pits (fig. 10 E, h). 
The single chromatophore is usually apposed to the upper wall of the 
cell (fig. 10 D). 

In the reproductive phase, which sets in in late autumn, the erect 
threads grow out over localised areas as free filaments and form a 
number of sori appearing as flat warts on the crusts. The unilocular 
sporangia (fig. 10 D, u) are borne laterally on the free threads, while 

A 




Fig. II. A, Ralfsia verrucosa Aresch., old crust (photo.: P. L. Anand). 
B, Lithoderrha fatiscens Kuck., old crust (/) with sorus (s) of plurilocular 
sporangia (after Kuckuck). 

the plurilocular ones (fig. 10 G,p) are terminal in position ((iS) p. 286, 
(32) p. 19 1, (133) p. 241, (190) p. 140). After liberation of the swarmers 
the fertile threads are shed, while the parts below continue to grow 
((190) p. 140). Vegetative enlargement, involving both increase in 
thickness and marginal growth, takes place during spring and summer. 
Mesospora ((64) p. 263, (289) p. 27) combines the lateral position of 
the unilocular sporangia seen in Ralfsia with a lack of fusion 
between the erect threads as in Nemoderma (see also (303) regarding 
Hapalospongidium ) . 

The similar crusts formed by Lithoderma ((133) p. 237, ( hs ) p. 165, 
(190) p. 144, (203) p. 97 ; fig. 1 1 B) are at first light-coloured ; the species 
are characteristic of colder seas and are found more particularly in 
winter in the sublittoral region. The coalescence of the erect threads, 
even in fertile plants, is very marked (fig. 12). There is only a single 
sorus composed of uni- or plurilocular sporangia (fig. 1 1 B, s). The 
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cells contain several chromatophores, although in those of the free 
threads there is generally only one ; in the northern forms hairs are 
completely lacking (cf. (261) p. 19). 

The principal species, L, fatiscens Aresch. (L. extensum (Crouan) 
Hamel), was described as bearing the plurilocular sporangia laterally 
on projecting threads ((n) p. 23, (118) p. 18, (149) p. 45). Kuckuck ((145) 
p. 165) subsequently found an otherwise similar form with terminal 
plurilocular sporangia (fig. la B, />) and suggested that Areschoug's 
plant was wrongly ascribed to this species. Most authorities have fol- 
lowed Kuckuck in regarding the sporangia as terminal, while some 



Fig. 12. Lithoderma fatiscens Kuck. (after Kuckuck), vertical sections of two 
strata; A, with unilocular, B with plurilocular sporangia. dehisced uni- 
locular sporangium; erect threads; />, plurilocular and u\ unilocular 
sporangium; 5, swarmer. 

((256) p. 501) even describe their position as variable. Svedelius ((122) 
p. 176), however, regarded the two forms as distinct and referred 
Kuckuck’s alga to a separate genus Pseudolithoderma. Recent investiga- 
tions of Lund (165) lend considerable support for this view (cf. also (271)), 
and the Lithoderma of Kuckuck with terminal uni- and plurilocular 
sporangia (fig. 12), normally borne on distinct individuals, must be 
regarded as different from that of Areschoug with lateral plurilocular 
sporangia. Whether generic separation is justified remains to be seen. 
Lund advances considerable evidence in favour of the view that Ralfsia 
ovata Rosenv. ((202) p. 900), which is known only with lateral unilocular 
sporangia, may be the asexual phase of Areschoug’s Lithoderma fatiscens 
(cf. also (in) p. 142, (203) p. 94). 

Certain freshwater forms found in rapid-flowing streams ((73) p. 169, 
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(78), (105) p. 1 17, (262)), formerly included in Lithodenna ((n) p. 24, (67), 
(293)), have recently (270) been again referred to Gomont’s genus Heri-- 
haudiella ((83) p. 388). The distinctive feature lies in the plurilocular 
sporangia, which are constituted by five or six of the uppermost cells 
of an erect thread (fig. 10 B, p), each of which without further septation 
forms a number of s warmers (fig. 10 C, s). The large unilocular spor- 
angia are also terminal. The vegetative cells contain a number of 
discoid or lobed chromatophores. Klebahn’s Lithodoraiiz^) is probably 
a Herihaudiellay intimately admixed with some other alga. 

In Symphyocarpus ((23), (133) p. 236, (iso) p. 17, (202) p. 896, (203) p. 67), 
an epiphyte in the sublittoral region, the erect filaments are short 
(fig. 10 A) and bear the plurilocular sporangia (/>) terminally. There 
are occasional hairs, while at certain points the upright threads are 
replaced by large cells (/) full of fucosan-vesicles ; these were regarded 
by Kuckuck as homologous with the paraphyses of Scytosiphon, 

It is not improbable that some of the genera above discussed are 
reduced types, although in the present state of knowledge it is difficult 
to get adequate evidence for this point of view. 

A more elaborate structure is found in the Elachistaceae, well 
exemplified by Elachista. Here and in the families subsequently to 
be considered a greater degree of anatomical specialisation exists than 
in the Myrionemataceae. The thalli are differentiated into a colourless, 
basal or central, medullary region and a peripheral photosynthetic 
cortex. The latter produces three kinds of structures which in the 
subsequent matter are distinguished as follows: {a) long threads of 
more or less indefinite growth with cells containing chromatophores, 
the assimilatory hairs ; (/;) shorter and often copiously branched threads 
of limited growth, the assimilators (paraphyses of many writers); 
(c) long threads with colourless cells, the colourless hairs. 

Elachista^ comprises a number of widely distributed epiphytes, 
which are specially common on Fucales; thus, E. scutulata (fig. 13 C) 
is found on the receptacles of Himanthaliay the swarmers germinating 
in the conceptacles from which the cushions of the epiphyte later 
project, while the very common E. fucicola Fries is chiefly found on 
species of Fucus. The mature plants form small, firm, often hemi- 
spherical cushions which are densely pilose (fig. 13 C). The lower 
part of the adult thallus (fig. 13 A) is constituted by a more or less 
extensive medulla composed of dense vertical rows of almost colour- 
less cells (w), which in some species at least are firmly joined together. 
The upper part (cortex, c) is likewise often compact, although the 
component threads are not laterally united. They comprise more or 
less numerous assimilators {a)y which are commonly curved, monili- 
form, and frequently clavate in shape (fig. 13 B, a), and, projecting 

^ Originally spelt Elachisteay which is etymologically incorrect. For the 
general literature, see (6) p. 9, (87) p. 117, (247) p. 168, (261) p. 21, (273), (280) 
p. 236, (281) p. 19. 
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from amid them and often preponderating, the unbranched assimi- 
latory hairs {h). The cells of the latter are densely filled with chromato- 
phores, except for some of the uppermost which tend to decay early 
((204) p. 19, (246) p. 146). These structures, which sometimes reach a 
length of a centimetre, in many species probably constitute the chief 
photosynthetic system. There are no colourless hairs. 

Young stages of Elachista^ exhibit the usual discoid basal system 
(fig. 13 H) of a single layer of cells (( h ?) p. 23, (153) p. 12, (204), (246) 
p.’ 144). From the latter arise numerous unbranched assimilate ry 
hairs (fig. 13 I, A), the basal cell of which is sometimes much nar- 
rowed. These erect threads at first exhibit uniform division of their 
cells, but subsequently differentiate a little above the base an inter- 
calary meristem {i) (Ozi) p. 216, (147) p. 63) which cuts off series of 
photosynthetic cells to the outside. A cell below the meristem sooner 
or later puts forth a lateral branch which develops into a secondary 
assimilatory hair (fig. 13 I, A'). This in its turn acquires a meristem 
and branches in the same manner, and so there appear upon the basal 
system a number of primary tufts which gradually close together to 
form a cushion. The medulla arises through enlargement of the cells 
that bear branches (fig. 13 G, m), in some species perhaps supple- 
mented by an active formation of new cells from the overlying 
meristem.^ The assimilators, like the secondary assimilatory hairs, 
originate from the cells below the meristem and as a rule probably 
only commence to develop at a later stage ; ultimately they are often 
produced in considerable numbers (E. fucicola), although scanty in 
some species (E, intermedia^ fig. 13 F, G; (147) p. 25), and it is not 
impossible that there may be some degree of variability in this respect 
in one and the same form. 

The assimilators are no doubt homologous with the assimilatory 
hairs, but growth becomes arrested before the intercalary meristem 
is established (cf. (147) p. 25, (247) p. 169). The meristems of the diverse 
assimilatory hairs tend to be located at approximately the same hori- 
zontal level and lie just above the point at which the cortex commences. 
Characteristic of Elachistaceae are the large, pear-shaped, usually 
sessile unilocular sporangia (fig. 13 G, w), which are borne laterally 
on the basal parts of the assimilators and often occupy a zone a little 
way above the medulla (fig. 13 A, w). The plurilocular sporangia either 
form intercalary sori on the upper parts of the hairs {E. lubrica, 
fig- 13 J) or occur terminally on the assimilators (fig. 13 F). 

The species of Elachista appear in general to be annuals ((147) p. 22, 
(190) p. 160, (204)), the cushions commencing to develop in the early 

^ This account of the early development is essentially based on Sauvageau’s 
(246) study of E, intermedia Crouan and there are probably minor differences 
in other species. 

* Kjellman ((121) p. 217) also speaks of thin, downwardly growing threads, 
but no other writer has recorded these. 



Fig. 13. Elachista. A, C, E, scutulata Duby; B, D, E, E, stellaris Aresch. ; 
F-I, E. intermedia Crouan ; J, E. lubrica Rupr. A, B, vertical sections of strata 
with unilocular sporangia ; C, several plants (e) on a receptacle of Himanthalia ; 
D, E, unilocular sporangia on assimilatory hairs; F, section of a stratum with 
plurilocular sporangia; G, the same with both kinds of sporangia; part 
of a young basal stratum in surface view; I, early development of erect 
system; J, assimilatory hair, with plurilocular sporangia, a, assimilator; 
6, basal stratum ; c, cortex ; h\ assimilatory hairs ; t, intercalary meristem ; 
m, medulla; p, plurilocular and u, unilocular sporangium. (A, C after Thuret 
8c Bomet; B, D after Rosenvinge; H, I after Sauvageau; the rest after 
Kuckuck.) 
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spring and dying away during the winter, although sometimes fresh 
assimilatory hairs can apparently arise in spring from persisting parts 
of the thalli ((130) p. 65, (182) p. 34). Formation of reproductive organs 
normally begins in autumn and may continue through most of the 
winter ; in E. fucicola Rosenvinge (204) records the production of uni- 
locular sporangia in quite young plants and this is clearly not uncommon. 

Symphoricoccus was established by Reinke ((197) p. 17, (198) p. 52, 
(199) p. 3) for an alga with the structure of an Elachista but bearing 



Fig. 14. A, E, F, Leptonema fasciculatum Reinke (after Reinke); A, erect 
thread with plurilocular sporangia; E, unilocular sporangium; F, habit. 
B-D, Halothrix lumbricalis (Kiitz.) Reinke (after Kuckuck); B, base of a 
young plant; C, D, parts of assimilatory hairs, with plurilocular sporangia, 
in optical section in D. a, assimilatory hair; /, lateral; m, meristem; />, pluri- 
locular and u, unilocular sporangium. 

uni- and plurilocular sporangia laterally, both on the bases of the 
assimilators (fig. 13 B) and on the upper parts of the assimilatory hairs 
(fig. 13 D, E). To this genus Kuckuck ((147) p. 34) referred E, stellaris 
Aresch. ((84) p. 26, (149) p. 60), which shows the same features. Many 
authorities hold, however, that the establishment of a distinct genus is 
not warranted (cf. (153) p. 10, (204) p. 27, (24s)). 

Other members of Elachistaceae form minute epiphytic growths, 
which possess but an ill-defined medulla (fig. 14 B). This is so in 
Leptonema fasciculatum ((147) p. 34» (198) p. 50, (199) p. 13, (206) p. 38, 
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(249) p. i74> (268) p. 94; fig. 14 F), which Hamel ((87) p. xii) refers to 
Ectocarpaceae ; the affinity with Elachista is, however, shown not only 
by the long unbranched assimilatory hairs, but by the large pyriform 
unilocular sporangia that arise at their base (fig. 14 E). The plurilocular 
sporangia (fig. 14 A) are formed in the upper parts of the hairs. Another 
species of this genus, L. lucifugum Kuck. ((26), (134) p. 387, (137), (162) 
p. 47), which appears to be not uncommonly associated with Rhodo- 
chorton Rothii in caves (288), shows ((204) p. 40, (263)) considerable 
branching of the upright threads. Whether this is really one of the 
Elachistaceae remains to be seen. Halothrix ((147) p. 26, (198) p. 49, 
(199) p. I, (204) p. 37, (274)) is distinguished by the fact that the sori of 
plurilocular sporangia (the only ones known) form dense girdles around 
the assimilatory hairs (fig. 14 C, D; cf. Zosterocarpus), 

The somewhat divergent genus Giraudya ((55) p. 650, (82) p. 193, 
(147) p. 28, (231)), a rather rare sublittoral European form, is included 
in the Elachistaceae by most authorities (cf. however (87) p. 189, 
(152) p. 93). The upright threads, which form minute tufts, here 
develop into fusiform parenchymatous structures (fig. 15 A-C), 
8-10 mm. long; these bear terminal and lateral sheathed hairs (fig. 15 
E, F, h)y with a basal growing point (^), which are lacking in other 
Elachistaceae. The assimilatory threads are widest in the region of 
the intercalary meristem, which is situated towards their base. 
According to Sauvageau ((231) p. 17) the ill-defined medulla is formed 
by interlacing rhizoids originating from the lower cells of the erect 
threads (fig. 15 G, K, r) ; these rhizoids can produce new assimilatory 
filaments (fig. 15 H, <2; cf. also (82) p. 195), although the latter also 
originate from the basal parts of the primary threads (fig. 15 I, /). 
The medulla of Giraudya would thus appear to differ in origin from 
that of Elachista, The apical parts of the successive assimilatory 
threads gradually wear away or are used in the production of sporangia. 
Giraudya^ though a polystichous form, has much in common with the 
Elachistaceae in its method of branching. 

Only plurilocular sporangia have been observed and of these Sauva- 
geau distinguishes three types. One kind, arising by division of the 
peripheral cells in the upper parts of the assimilatory threads, forms 
dense sori partly encircling the latter (fig. 15 A, B, D, s). Others (e), 
occurring in a similar position, form small excrescences on the surface, 
while those of the third type, which are not uncommonly branched 
(fig. 15 L), are clustered around the bases of the threads (fig. 15 C, M, b) 
beneath the intercalary meristem. 

Gelatinous cushion-forms 

A series of forms, conveniently grouped as Leathesiaceae ((256) p. 507 ; 
Corynophlaeaceae of Kuckuck^ and Oltmanns (147) p. 35), appear 

^ Kuckuck ((147) p. 8) regards the Myrionemataceae as reduced members 
of this family, but for this view it is difficult to find adequate evidence. 
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closely related to Elachistaceae. They are characterised by a con- 
siderably greater production of mucilage. As in Elachista^ it is possible 
to distinguish a large-celled medulla (fig. 16 E, m) composed of 



Fig. 15. Giraudya sphacelarioides (Derb.) Sol. (after Sauvageau). A-C, erect 
threads of three plants, showing the diverse disposition of the sporangia; 
D, upper part of a thread with embedded (5) and projecting (e) sort; E, F, 
apices of young and older threads respectively; G, base of thread showing 
rhizoid-formation; H-K, basal parts of threads showing formation of secon- 
dary assimilators; L, M, bases of threads with sori. a, assimilator; basal 
sporangia; e, projecting sporangia; g, sheath; hair; /, lateral; m, meristem; 
r, rhizoid; 5, embedded sori. 

compacted threads and a peripheral photosynthetic cortex (a) from 
which numerous colourless hairs (h) project. In Myriactula 
{Myriactis^^ (19), (64) p. 272, (147) p- 35 j (*92), (246) p. 15 1), which is 

^ The name Myriactis, having previously been given to a Composite genus, 
must be abandoned. The use of the name Gonodiaiiit) for this genus is in no 
way justified (cf. (246) p. 152). 
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commonly ((130), (150) p. 13, (256) p. 507) placed among Elachistaceae 
and most of the species of which were originally assigned to ElachistUy 
the chief distinctive feature is indeed constituted by these colourless 
hairs which replace the assimilatory hairs of the latter genus. The 
facts suggest that the two types of structures are homologous (cf. (247) 
p. 167). 

Myriactula pulvinata ((281) p. 18), not uncommonly epiphytic on 
Fucales {Cystoseira, fig. 16 A, />; Halidrys), forms small gelatinous 
cushions, the lower part of which is completely embedded in the 
conceptacles (fig. 16 E). The cortex consists of numerous assimilators 
{a) which taper at each end (fig. 16 C, D, a) and bear the hairs (//) 
laterally. The early development appears to be much as in Elachista. 
In M. stellulata {Elachista stellulata Griff. (147), (207)), a rare endophyte 
in Dictyota dichotoma (fig. 16 B), creeping threads (c) extend hori- 
zontally beneath the superficial cells of the host and function as stolons 
from which a series of cushions can arise. The medullary threads 
penetrate the surface-layer of the host, which is always wanting at 
the place where a cushion occurs (fig. 16 B). In Myriactula both kinds 
of sporangia ((280) p. 237) are borne as lateral outgrowths at the base 
of the assimilators (fig. 16 B-E). 

In this genus, as in Elachista^ medulla and cortex are as a general 
rule of approximately equal size, but in Leathesia ((113), (147) p. 43) 
and related genera there is an exceptionally large medulla. L. difformis 
(fig. 17 C) is an abundant annual on north temperate coasts, forming 
brown, rounded or lobed, gelatinous growths, up to 5 cm. in diameter, 
conspicuous between tide levels during summer on all kinds of sub- 
strata (rocks, other Algae). Corynophlaea ((6) p. 20 ; (147) p. 40), with 
a number of rarer species (inch L. crispa Harv. (so)), exhibits only 
trifling differences (mainly the wider cortex, fig. 17 A), and it is often 
((247) p. 159, (256) p. 510) merged in Leathesia, The prostrate base in 
these genera is a more or less continuous expanse (fig. 17 E) and is 
as usual older than the erect-growing portion. In the mature thallus 
the branching threads composing the cushion consist for the most 
part of large cells with few or no chromatophores (fig. 17 B, m) and 
widely separated by mucilage {g). This extensive medulla is covered 
by a narrow cortex (c) composed of short assimilators, the cells of 
which are packed with chromatophores; in Leathesia proper each 
thread consists of only 2-4 cells, the end one being enlarged (fig. 17 
F, a). From amid the cortical threads hairs {h) project in considerable 
numbers. 

The development of the common Leathesia has not been fully 
studied, but from what is known of it ((113) p. 89) and allied species 
((152) p. 65, (247) p. 166) it would appear that the prostrate system first 
gives rise to upright threads composed of small cells (fig. 17 D, e)\ 
these grow by division of the basal cells and multiply by branching 
((81) p. 428). The medulla is formed secondarily by progressive 
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Fig. 1 6. Myriactula. B, M. stellulata (GrifT.) Batt., the others M. pulvinata 
Kiitz. A, plants (p) epiphytic on Cystoseira granulata Ag. ; B, section of a 
cushion on Dictyota (d); C, D, tufts with plurilocular and unilocular sporangia 
respectively; E, transverse section of axis of Cystoseira (cy) passing vertically 
through a cushion of the epiphyte, a, assimilator; c, creeping endophytic 
threads; /i, hair; m, medulla; pe^ penetrating thread; />/, plurilocular and «, 
unilocular sporangium. (A, E after Thuret & Bornet ; the rest after Kuckuck.) 
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Fig. 17. A, Corynophlaea umbellata J. Ag., part of a cushion. B-F, Leathesia 
diffortnis Aresch. ; B, section of half a mature cushion; C, a number of plants 
epiphytic on Chondrus crispus] D, vertical section of a young plant; E, 
marginal part of basal stratum of young plant; F, section through periphery 
of mature plant, with the two kinds of sporangia, a, assimilator; b, basal 
stratum; c, cortex; e, erect threads; g, mucilaginous wall; ft, hair; m, medulla; 
py plurilocular and w, unilocular sporangium; r, subcortex. (C after Taylor; 
D, E after Kylin; the rest after Kuckuck.) 
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enlargement of the lower cells of the threads and is gradually inter- 
calated between those first formed and the basal stratum. Between 
medulla and cortex there is an intermediate region (fig. 17 B, F, s) 
in which the cells are still relatively small. In L. difformis the older 
cells of the medulla assume an irregular stellate form (fig. 17 B) and 
exhibit a considerable number of anastomoses ((147) p. 44), so that 
the medulla constitutes a framework of considerable stability, the 
wide meshes of which are occupied by mucilage. The older thalli are 
commonly hollow, a condition which is more rarely realised in 
Corynophlaea. The two kinds of sporangia arise from the basal cells 
of the assimilators or from the perimedullary cells (fig. 17 F). 

Another member of this family is Cylindrocarpm ((54) ; Petrospongium 
Naeg.) in which the medullary threads are bound together by hyphae. 
The plurilocular sporangia have been described by Hanna (88) in 
C. Berkleyi (Grev.) Crouan {Petrospongium Berkleyi Naeg.; Leathesia 
Berkleyi Harv. (95) pi. 176). C. microscopicus Crouan {Ectocarpus 
investiens Hauck), which is sometimes endophytic in Gracilariay has 
been fully studied by Kuckuck ((142) ; cf. also (64) p. 285). 

Myrionemataceae, Elachistaceae, and Leathesiaceae constitute a 
progressive series (though not necessarily an evolutionary one) with 
increasing anatomical differentiation, in all the members of which the 
thallus is composed of numerous equivalent upgrowing filaments 
emerging from the basal system. The Elachistaceae show the com- 
mencement and the Leathesiaceae the further elaboration of a proximal 
medulla and a distal photosynthetic cortex, the latter consisting of 
the ultimate branches of the threads forming the medulla. These types 
are therefore multiaxial. Leathesia can in some ways be compared 
with Codium Bursa among Siphonales. 

Cylindrical uni- and multiaxial Types 

In another series of gelatinous forms with essentially the same con- 
struction, the thallus takes the form of branched cylindrical strands 
(fig. 18) of a varying degree of firmness. The principal members may 
be grouped as Mesogloeaceae ((147) p. 46, (187)), which comprise such 
common genera as Castagnea^ Mesogloea, and Chordaria. Kuckuck 
((147) p. 8) regards the Mesogloeaceae as the direct descendants of the 
Leathesiaceae, while Kjellman's ((121) p. 221) Chordariaceae included 
not only both of these, but also the Myrionemataceae. 

The radially symmetrical thallus of the Mesogloeaceae commonly 
exhibits differentiation into a central large-celled medulla (figs. 20 C ; 
22 D, m)y a peripheral small-celled cortex (c), and an intervening 
subcortex with cells of intermediate size. Longitudinal sections of 
the mature thalli nearly always display a multiaxial structure (cf. fig. 
22 F). The axial threads form the more or less compact medulla, 
while their numerous offstanding branches, which are not united. 
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give rise in their inner parts to the subcortex and in their outer parts 
to the cortex; the latter consists largely of assimilators (fig. 21 D, a), 
between which there usually arise hairs [h) of the customary type. 

The axial threads originate from the first-formed prostrate system 
(fig. 20 B, b) and, as a rule, several threads arising from the latter 
form the basis of the medulla. In Mesogloea and MyriocladiUy how- 
ever, there is only one such axial filament (fig. 19 A, m; B, a/), the 
primary laterals (/) of which for a time run parallel to the parent- 
thread and thus, together with it, constitute the axial strand com- 
posing the medulla; the axial thread is usually clearly recognisable 



Fig. 18. A, Mesogloea vermiculata Le Jol. (photo.: R. Cullen). B, Castagnea 
virescens (Carm.) Thur. (after Newton). 


in the apices of the thallus branches (fig. 19 A). The contrast between 
the basic construction of Castagnea and Mesogloeay which in other 
respects show considerable resemblances, is found also in other hetero- 
trichous groups (cf. p. 445), where likewise in related types the erect 
fronds may in the one be derived from a single thread, in the other 
from a number of upgrowing threads. 

Mesogloea vermiculata Le Jol. (M. vermicularis Ag. (95) pi. 31) 
(fig. 18 A) is a frequent annual near low- water mark, often attached 
to rocks with a thin covering of sand, though sometimes epiphytic. 
The more cartilaginous M. Leveillei ((23), (147) p. 54, (187) p. 27), some- 
times placed in a distinct genus Liebmannia ((5) p. 60, (87) p. 166, 
(155) p. 7), is commoner in warmer seas. The single axial thread 
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(fig. 19 A, w) is crowned by an assimilator {a) of some length, at the 
base of which lies a well-marked meristem {^). Below the latter the 
cells rapidly enlarge and produce primary laterals (/), which grow 
apposed to the axial thread for a considerable distance before bending 
outwards to terminate in a curved assimilator [a) like that at the apex 



Fig. 19. A, Mesogloca Lcveillei (J. Ag.) Menegh., apical part of thallus. 
B-D, Myriocladia Lovenii J. Ag. ; B, apex of thallus; C, habit; D, older part 
in longitudinal section. E, Sphaerotrichia divaricata (Ag.) Kyi., apex of 
thallus. F, G, Mesogloea vermiculata Le Jol. ; F, germlings from swarmcrs of 
unilocular sporangia; G, gametophyte. a, assimilator; <3/, axillary filament; 
br, branch; descending thread; gy meristem; h, hair; /, lateral; m, axial 
thread ; />, perimedullary threads ; /)a, primary assimilators ; />/, gametangium ; 
u, unilocular sporangium. (A, D after Kuckuck; B after Parke; C after 
Newton; E-G after Kylin.) 
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of the axial thread. From the part of the primary lateral below this 
assimilator arise secondary laterals (^r), which form a large part of 
the cortex ; they are usually well branched and bear lateral hairs (h). 
According to Kylin ((152) p. 52, (iss) p. 6) the cells of the axial thread 
retain some capacity for division, the resulting segments producing 
further primary laterals which push their way between the others or 
give rise directly to hairs. In the mature thalli the axial filament is 
indistinguishable from the investing threads ; this multiaxial central 
region may become fistular in the older parts. Hyphae arise from 
various cells of the thallus (fig. 21 D, /ry), but they do not play so 
important a role as in Castagnea, although, according to Parke 
((187) p. 24), they aid in producing a compact cortex. 

Myriocladitty referred by Kuckuck ((147) p. 63) to a distinct family, 
is rightly brought by Kylin ((15s) p. 7) into close association with 
Mesogloea, Myriocladia Lovenii J. Ag. ((5) p. 52, (6) p. 16, (147) p. 62, 
(149) p. 88, (152) p. 52, (155) p. 7, (160) p. 60, (187) p. 32), a rare little- 
branched epiphyte on Laminaria (fig. 19 C), possesses a single large- 
celled axial thread (fig. 19 B, D, af), enveloped by a layer of large cells 
again formed by close apposition of the lower parts of the whorled 
primary laterals (p); the cells in question bear tufts of elongate, little- 
branched assimilators (a), only the bases of which are embedded in the 
general mucilage. The apex of the primary lateral ultimately bends out 
and terminated in a similar tuft (pa) which also includes hairs (h). The 
basal cells of the primai*y laterals further give rise to downwardly 
growing threads (fig. 19 D, d), which produce secondary assimilators. 
The subapical meristem ceases to function at an early stage, but there 
is long-continued intercalary division extending into the region from 
which laterals are produced. 

Certain species of Castagnea are commonly referred to a separate 
genus Eudesme ((6) p. 29, (121) p. 226, (147) p. 46, (149) p. 85, (187)), 
although this is by no means a universal practice (cf. (87) p. 157). In 
Eudesme the axial threads are readily separated by pressure under a 
cover-glass, whereas in Castagnea proper they are united into a firm 
parenchymatous strand a short distance behind the apex. There are 
also other slight differences ((187) p. 10), but, although segregation is 
possibly a matter of taxonomic convenience, there are no marked 
distinctions between the two genera and in the following account all 
the species are included under Castagnea. Setchell and Gardner ((256) 
p. 544; cf. also (279) p. 140) refer the species of Eudesme and Castagnea 
to Fries* genus Aegira^ which has been ignored by most recent 
authorities owing to its inadequate basis (cf. (103) p. 505, (152) p. 57, 
(187) p. 21). Kylin ((155) p. 26), on the other hand, adopts the generic 
name Cladosiphon (Kiitzing) for the species of Castagnea proper. 

Castagnea virescens (Carm.) Thur. (Mesogloea virescens Carm. (9s) 
pi. 82, (187) p. 15, (198) p. 76, (258) p. ii) (fig. 18 B), a not uncommon 
annual found usually in the lower part of the littoral region, has a 
plentifully branched thallus which is densely villous owing to the 
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numerous hairs. Another species, C. Zoster ae ((hq) p. 85), mostly 
epiphytic on Zostera^ is smaller and less branched (fig. 20 A). Both 
of these are usually placed in Eudesme, The species of Castagnea 
proper are rarer in northern waters, although not uncommon in 
warmer seas like the Mediterranean. C. contorta Thur.^ is known 
from British and French shores. 

Sauvageau(233) has given a detailed account of the early develop- 
ment of C. Zosterae. Many of the filaments, which arise from the 
centre of the basal disc (fig. 20 D), are at first moniliform and devoid 
of terminal hairs (fig. 20 E, pa)y so that they closely resemble the 
cortical assimilators of the mature thallus; subsequently the cells 
divide copiously and form an elongate medullary thread (fig. 20 H, 
K, pf). The basal disc, however, also bears (fig. 20 E, I) occasional 
sheathed hairs {sh) with a basal meristem, the lowest cell of which 
later likewise divides to form a medullary thread {me) which then 
bears a terminal hair {ht) devoid of a sheath ; the sheaths at the base 
may persist (fig. 20 I, sh) or vanish. 

The lower cells of the upgrowing threads elongate and remain 
narrow (fig. 20 B, e), but produce no laterals (cf. also (187) p. 19). 
Intercalary division (fig. 20 F,-H, K), on the other hand, takes place 
in most of the upper cells and is accompanied by the outgrowth of 
numerous assimilators (fig. 20 E-G, a) and of occasional sheathed 
lateral hairs {hi). The rapid growth of these hairs often results in 
displacement of the distal portion of the primary filament so that the 
hair appears terminal (fig. 20 B, h).^ Growth is then carried on by 
division of the cell beneath the hair and leads to the production of 
further laterals, one or other of which may assume the terminal 
position ((155) p. 23, (233) p. 403), thus leading to a sympodial con- 
struction. Diverse other investigators have arrived at the conclusion 
that the development of the primary filaments in Castagnea takes 
place sympodially ((32) p. 185, (152) p. 56, (187) p. 22 ; cf. also (147) p. 48), 
the axial threads being built up of the successive basal portions of 
laterals (fig. 21 B, 1-3), the apical parts of which are deflected to form 
the subcortex and cortex.^ This is in contrast to most Mesogloeaceae, 
in which the axial threads branch monopodially. 

^ According to Kylin ((iss) p. 26) the C. contorta described by Parke 
((187) p. 18) is C. fistulosa Derb. et Sol. (Cladosiphon mediterraneus Kiitz.). 

^ According to Parke ((187) p. 16; cf. also (32) p. 185) all the primary 
filaments, in the species examined by her (incl. C. Zosterae)^ terminate in 
sheathed hairs (cf. fig. 21 C), but in view of Sauvageau’s observations it 
appears probable that the terminal position is secondary (cf. also (155) 
p. 26). 

^ Among the immediate allies of Castagnea there are evidently certain 
differences in the way in, which this sympodial growth is accomplished. 
Examples are the Australian Bactrophora (cf. (6) p. 22, (282), (290) p. 139) and 
Sauvageau’s Gontrania ((246) p. i86), both of which are included by Kylin in 
Castagnea (Cladosiphon). 
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Fig. 20. Castagnea Zosterae Thur. (after Sauvageau). A, plants of different 
ages on leaf of Zoster a (2). B, development of erect threads from basal system. 
C, section of mature thallus, with young unilocular sporangia. D, basal 
stratum from the surface. E, G, I, development of assimilators. F, H, 
development of descending filaments (d). K, later development of a primary 
erect filament. F and G are parts of same filament, fl, assimilator; by basal 
system; hcy basal cell of assimilator; d, descending filament; e, erect thread; 
gy meristem of hair; hy hair; /^/, lateral hair; hty terminal hair; w, medulla; 
mey medullary thread ; pa, primary assimilator; p/, primary filament; r, erected 
part of lateral; shy sheath of hair; m, unilocular sporangium. 
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The cells of the first-formed axial filaments of Castagnea thus come 
to bear numerous well-branched laterals, but this primary condition 
is complicated by considerable secondary activity leading to a more 
compact structure. Supplementary medullary threads, bearing 
numerous secondary laterals, are produced by the development of 
downwardly growing threads (fig. 20 F, H, d) from the basal cells of 
some of the primary laterals. In C. Zosterae and C.fistulosa ((187) p. 20) 
they constitute a large-celled perimedullary envelope (cf. figs. 20 K, d\ 
21 A) and can scarcely be distinguished from the original axial threads 
except by their mode of origin. Their numerous laterals {a) push in 
between the primary ones and contribute a further system of assimi- 
lators to the cortex; the basal cells of these secondary assimilators 
sometimes repeat the same process. According to Parke ((187) p. 17) 
such downgrowing threads are not produced in C. virescens, 

Perimedullary threads also appear to originate by the erection of 
certain primary laterals (fig. 20 K, s) which grow parallel to the 
original axial threads for a considerable distance (cf. Mesogloea) and 
contribute other secondary assimilators to the cortex. According to 
Sauvageau ((233) p. 407) this is due to intercalary division of the basal 
cells of the primary lateral. Branching hyphae, which are probably 
largely mechanical in function, may grow out from any cell. In 
C. fistulosa they form an investment to the medulla. 

In the mature thalli of Castagnea the medullary threads often 
separate, leaving a cavity occupied by gas (fig. 20 C). The inner cells 
of the laterals forming the cortex and subcortex commonly elongate 
appreciably, while the smaller outer ones bear copious branches, but 
in many species (e.g. C. virescens) there is no very sharp boundary 
between the two regions. On the other hand, in C. crassa {Mesogloea 
crassa Suring. (266) p. 85), which Kylin ((155) p. 33) makes the type of 
a separate genus {Tinocladid)^ cortex and subcortex are sharply 
differentiated (fig. 21 E). The ultimate laterals, the assimilators, are 
usually moniliform and not uncommonly curved (fig. 21 B, a). 
Branching of the thallus is effected by the outgrowth of series of 
medullary filaments. 

Castagnea and Mesogloea^ which thus differ appreciably in their 
basic construction, probably represent divergent developments from 
a common source. In both the primary threads and their laterals 
normally terminate in assimilators, and the development of the 
medulla in Mesogloea by erection of laterals is repeated in Castagnea 
on the part of each individual primary filament. The early develop- 
ment of the thallus in C. Zosterae shows similarities to that of Leathesia 
(P* 73)* assimilators are first produced, while the medulla 

originates secondarily. 

The cartilaginous thalli of Chordaria ((6) p. 62, (63) p. 9, (99), (147) 
p. 60, (155) p. 39, (198) p. 74, (200) p. 57) show a more compact structure. 
In C,flagelliformis ((95) pi. 1 1 1), a frequent annual between tide-marks, 
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the elongate main axis bears whip-like branches which exhibit little 
further branching (fig. 22 A) ; the entire surface is clothed with long 
hairs (fig. 22 D, h) with very gelatinous membranes. Transverse 



Fig. 21. A, Castagnea contorta Thur., periphery of thallus in longitudinal 
section, with plurilocular sporangia. B, C.fistulosa Derb, & Sol., apex of an 
axial thread, showing sympodial growth, 1-3 successive segments of the 
sympodium. C, C. vtrescens (Carm.) Thur., apex of medullary filament. 
D, Mesogloea vermiculata Le Jol., peripheral part of thallus in longitudinal 
section, with unilocular sporangia. E, Castagnea crassa (Sur.) Kuck., longi- 
tudinal section of part of thallus. a, assimilator; c, cortex; /?, hair; hy^ hyphae; 
m, medulla; j>, plurilocular and u, unilocular sporangium; 5, subcortex. 
(B after Kylin; C after Parke; the rest after Kuckuck.) 

sections of the thallus show a broad, compact medulla (fig. 22 D, m) 
and a narrow cortex (c) ; the cells are smaller than in other members 
of this family. The medulla consists of larger (primary) cells (mf) 
intermingled with numerous narrow hyphae (hy ) ; the latter are out- 
growths from the medullary cells and grow vertically upwards and 



Fig. 22. A, C-F, Chordaria\ A, D, E, C. flagelliformis (Miill.) Ag. ; C, F, 
C. Chordaria (Harv.) Kuck. A, habit; C, apex of thallus; D, transverse 
section of same ; E, peripheral part enlarged ; F, longitudinal section of part 
of thallus, with unilocular sporangia. B, Haplogloea Kuckuckii Kyi., apex of 
thallus. G, Heterochordaria abietina (Rupr.) Setch., section, with plurilocular 
sporangia, a, assimilator; a/, axial filament; c, cortex; cm, cuticle; /i, hair; 
hy^ hypha; w, medulla; m/, medullary filament; /), plurilocular and m, uni- 
locular sporangium. (A, photo. : R. Cullen; D after Reinke; E after Henckel; 
G after Setchell & Gardner; the rest after Kuckuck.) 
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downwards (fig. 22 F, hy). There is no subcortex, the comparatively 
short and well-branched assimilators (fig. 22 D, F, a) arising 
directly from the medullary threads ; the branches of the assimilators 
are produced abaxially (fig. 22 C, a) and combine to form a dense 
layer from amid which the hairs {h) project. 

The end-cells of the assimilators and of their branches are often 
enlarged and provided with a strongly thickened outer wall (fig. 22 
D, E, a) \ in the Australian C. Chordaria ((147) p. 61) the assimilators 
consist of only two cells, of which the outer is elongate (fig. 22 F). 
In the growing tips there are a number of axial threads (fig. 22 C), 
each with an ill-defined meristernatic region at the base of the apical 
assimilator ; their laterals, terminating in branched assimilators, 
apparently insert themselves continuously between those already 
present, giving the apices a fan-like appearance. The branching of 
the axial threads is monopodial, as in Mesogloea. 

Numerous variants on the types of construction above considered 
are found among Mesogloeaceae. A number of genera lack the colour- 
less hairs found in other members of the family. Thus, in the highly 
mucilaginous Myriogloea Sciurus ((147) p. 62, (161), (187) p. 29; Myrio- 
cladia Sciurus Harv. (6) p. 19, (93) pi. 58), which is not uncommon in 
the Southern Hemisphere and has much the habit of a Castagnea, the 
multiaxial medulla is encased in a dense cortex composed of long 
unbranched assimilatory hairs (cf. also (66)). Each of the medullary 
threads possesses a sharply defined intercalary meristem (fig. 24 D, ^), 
surmounted by one of these hairs and, as the axial threads increase in 
number by branching (6r) below the meristem, the outermost ones 
diverge in a fan-like manner. There is resemblance to Elachista in the 
presence of assimilatory hairs and in the relation of the different parts 
to one another. The medullary threads give rise to branched hyphae 
which run horizontally between the former. According to Parke ((187) 
p. 29) the sporangia arise laterally at the level of the intercalary meristem 
and the two kinds occur on distinct plants. Kylin ((15s) p. 12), however, 
states that M. Sciurus lacks plurilocular sporangia, while those of other 
species are formed in the upper parts of the assimilatory hairs. The 
southern types, with plurilocular sporangia originating near the bases 
of the assimilatory hairs, are placed (p. 15) in the new genus Levringia. 

The American Mesogloea Andersonii Farl. ((63) p. 9), which was 
included by Kuckuck ((147) p. 63 ; cf. also (256) p. 556) in Myriogloea^ is 
primarily uniaxial (cf. fig. 22 B) and possesses numerous short curved 
assimilators amid which the sporangia arise. Levring ((i6i) p. 48 ; cf. also 
(155) p. 21) refers it to a distinct genus Haplogloea. Another uniaxial 
form, commonly listed as Mesogloea divaricata (Ag.) Kiitz. or Chordaria 
divaricata Ag. (cf. (130), (163), (174^) p. 146, (200) p. 57), which is common 
on the Atlantic coasts of the United States, is according to Kylin ((155) 
p. 38) distinguished by the fact that cell-division is confined to the 
intercalary meristem (fig. 19 E, g) situated beneath the 2-4-celled 
assimilator (a) that caps the axial thread. Kuckuck ((147) p. 10) referred 
this alga to Nemacystus (p. 90), because he believed it grew by an 
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apical cell (cf. also (200) p. 57). Kylin makes it the type of a distinct 
genus Sphaerotrichia. 

Certain other, rather imperfectly known, genera show resemblances 
to Chordaria, Heterochordaria abietina (Rupr.) Setch. & Gardn. ((254) 
p. 6, (256) p. 550; Chordaria abietina Rupr.), a small Pacific form with 
numerous short branches giving the plant a fir-like habit, differs con- 
siderably from the true species of Chordaria ((147) p. 60) and seems to 



Fig. 23. A-D, Analipus fusiformis Kjellm.; A, B, habit; C, vertical section 
of basal stratum; D, peripheral part of transverse section of erect thallus, 
with unilocular sporangia. E-H, Caepidium antarcticum J. Ag. ; E, habit; 
F, part of erect thallus, and G, of basal vesicular growth, in transverse section, 
with unilocular and plurilocular sporangia respectively; H, section of basal 
vesicular growth, with hair. assimilator; 6, basal stratum; e, erect thallus; 
hy hair; m, medulla; p, plurilocular and w, unilocular sporangium; 5, sterile 
cell. (A~D after Kjellman; E-G after Skottsberg.) 

possess an isomorphic life-cycle (p. 130); it forms extensive com- 
munities below low-tide level ((76) p. 34). Both in the general habit and 
in the possession of a well-developed, probably perennial, basal stratum 
there is resemblance to the Antarctic Caepidium ((6) p. 58, (257) p. 40, 
(261) p. 27). The erect multiaxial fronds of the latter (fig. 23 E), which 
here arise from cup-like depressions in the lobed basal crust (6) and 
attain a height of 16 cm., have a cortex composed of usually 3-celled 
assimilators (fig. 23 F, a), with unilocular sporangia (w) embedded 
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between them. The striking feature is the production from the basal 
crust at all times of the year of vesicular growths of diverse size, 
resembling those of Leathesia (p. 73). At first these develop as small 
solid warts showing the same structure as the ordinary erect fronds, 
but later they enlarge and become hollow ; they bear single hairs lodged 
in a deep pit (fig. 23 H, h). These vesicles bear the plurilocular sporangia, 
which are formed in large irregular sori (fig. 23 G, p) and sometimes 
cover nearly the whole surface; interspersed between them are large 
cells {s) filled with dark-brown contents (fucosan?). Cotton ((53) p. 168) 
suggested that two distinct Algae might be involved, but Skottsberg’s 
(261) reinvestigation leaves little doubt that the vesicles belong to the 
same alga as the erect fronds (cf. also (232) p. 334). In view of the 
probable close affinity between Mesogloeaceae and Leathesiaceae there 
is nothing very surprising in the erect growths from the basal stratum 
repeating the structural characteristics of the two families. The Pacific 
Hapterophycus (301), in which the perennial crusts produce upright 
branches bearing unilocular sporangia, may also belong to this affinity. 

Another debatable genus is Analipus ((116) p. 48, (252) p. 252, (256) 
P* 575> (296) p. 1 19), so far recorded only from the Behring Sea. The 
well-developed basal system (fig. 23 A, B, b) is several-layered and 
shows some anatomical differentiation (fig. 23 C). It bears a number 
of cylindrical unbranched erect fronds (fig. 23 B, e), reaching a height 
of 6 cm. and having much the same structure as in Chordaria (fig. 23 D) ; 
the unilocular sporangia (u) arise at the base of the few-celled cortical 
assimilators (a). 

Acrothrix gracilis ((147) p. 65, (149) p. 93, (152) p. 53, (187) p. 33), which 
is referred to a distinct family by Kylin ((155) p. 43), is an infrequent 
sublittoral northern type (52, 187).^ The uniaxial thallus is rather 
delicate, though well-branched, and attains a length of 30 cm. The 
main axial filament is terminated by a hair (fig. 24 A, /r),*with a 
sharply defined basal meristem {g\ the segments of which (a/) enlarge 
without further division. They produce whorls of primary laterals of 
limited growth, the basal cells {b) of which undergo marked increase 
in size and divide to form short large -celled perimedullary threads (/>) 
constituting a continuous one-layered envelope around the axial 
filament. The second cell of each lateral usually develops an adaxial 
hair (/?), whilst the others constitute a terminal assimilator {a). Other 
unbranched assimilators {a) arise from the basal cells of the laterals, 
as well as from the perimedullary cells, and in their entirety they form 
a narrow but complete envelope to the axial system. Later the peri- 
medullary threads separate from the axial one, which either undergoes 
great attenuation (fig. 24 E, of) or disorganises so that the thallus 
becomes fistular (fig. 24 C). Branching is effected by the occasional 
development of a primary lateral into a new axial thread. Except for 
its intercalary growth and the presence of a terminal hair, Acrothrix 

^ Further species have been recorded from North America, Japan (295) and 
Norway ((160) p. 62). 




Fig. 24. A, B, E, Acrothrix gracilis Kylin; A, apex of thallus; B, peripheral 
part of longitudinal section of mature thallus, with unilocular sporangia; 
E, centre of mature thallus in longitudinal section. C, A, novae-angliae 
Taylor, part of cross-section of thallus. D, Myriogloea Sciurus (Harv.) Kuck., 
apex of thallus in longitudinal section, a, assimilator; a/, axillary filament; 
ahy assimilatory hair; basal cell of lateral; br^ branch; c, cortex; g, meristem; 
hy hair; m, axial threads; />, perimedullary threads; m, unilocular sporangium. 
(C after Taylor; the rest after Kuckuck.) 


interrelated forms showing points of contact, on the one hand with 
Elachistaceae, on the other hand with Spermatochnaceae. They 
exhibit a progressive restriction of division to the subterminal 
meristem, as is shown by a comparison of Mesogloea with Sphaero- 
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trichia and Acrothrix^ all uniaxial types with monopodial branching. 
Among multiaxial forms Myriogloea and Castagnea show the same 
method of growth as Mesogloea^ although Castagnea stands out by 
the sympodial build of its threads; Chordaria, on the other hand, 
seems to approach Sphaerotrichia in the restriction of division to the 
region of the meristem ((155) p. 60). 

The often large unilocular sporangia (figs. 19 B, D; 21 D; 22 F; 
24 B) are always borne laterally on or near the bases of the assimi- 
lators, while the plurilocular sporangia ((280) p. 237) are usually formed 
from the distal cells of the latter (fig. 21 A); in Heterochordaria 
((256) p. 550), however, they are developed from the inner cells of the 



Fig. 25. Strepsithalia JJagorae Sauv. (after Sauvageau), A with unilocular, 
and B with plurilocular sporangia, a, assimilator; b, basal system; d, dehisced 
unilocular sporangium; h, hair; p, plurilocular and m, unilocular sporangium. 

assimilators (fig. 22 G, p). Protection of the sporangia is most marked 
in Chordaria, where the often enlarged and thickened end-cells of 
the assimilators unite to form a protective cap (fig. 22 D), which is 
often supplemented by a layer of mucilage (cf. Laminariales). 

Strepsithalia i2H)y an endophyte in various gelatinous Algae {Meso- 
gloea, Helminthocladia)y shows a loosely branched basal system bearing 
at intervals compact mucilaginous tufts composed of numerous branched 
assimilators (fig. 25 a). Hairs {h) are formed both on the creeping 
threads and on the lower cells of the assimilators. The latter closely 
resemble those of certain species of Castagnea y a resemblance which 
is heightened by the large unilocular sporangia borne at their base 
(fig. 25 A, w). The plurilocular sporangia (fig. 25 B, p) usually arise in 
the same position, but both kinds can also originate directly from the 
creeping threads. Strepsithalia is clearly a reduced form, which was 
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referred by Kuckuck (147) to the Leathesiaceae, but a closer affinity with 
the Mesogloeaceae is perhaps to be suspected. 


The Spermatochnaceae 

The members of this family, while showing the same general structure 
as many Mesogloeaceae, are specially distinguished by apical growth 
of the axial filaments, the segments cut off from the hemispherical 
apical cell (fig. 26 C, ac) undergoing no further division. The uniaxial 
NemacystuSy in particular, shows much resemblance to AcrothriXy and 
it can hardly be doubted that here, as in other groups of Phaeophyceae 
(cf. p. 1 12), the trichothallic meristem has been replaced by a definite 
apical cell (cf. (175) p. 60). According to Kuckuck ((147) p. 65) the 
apical hair (fig. 24 A, h) is shed in older plants of A. gracilis and, 
subsequent to this, the cells of the axial thread exhibit enlargement 
only. If, however, the meristem remained active, we should have 
reached what is tantamount to apical growth and this apparently 
obtains in A. novae-angliae Taylor (276), a species which comes very 
close to Nemacystus. 

This genus is probably the most primitive of the uniaxial Spermat- 
ochnaceae. In N. flexuosus {N, ramulosus Derb. et Sol. ((58) p. 269, 
(98) p. 366, (147) pp. 10, 68), a Mediterranean species with a branched 
filiform thallus, the basal cells of the whorled laterals (fig. 26 C, /) 
keep pace with the elongation of the segments of the axial thread, 
forming a large-celled envelope around it, much as in Acrothrix ; later 
the thallus becomes hollow and the axial thread may disappear. The 
secpnd cell of each lateral, as in other Spermatochnaceae (cf. fig. 27 B), 
produces an adaxial hair (fig. 26 C, h)y while the remaining cells con- 
stitute a primary assimilator (pa, cf. Acrothrix). The large-celled 
perimedullary envelope is augmented by the outgrowth of short 
threads {d) which bear numerous secondary assimilators {sa). The 
two kinds of sporangia arise laterally from the lower cells of the 
assimilators (fig. 26 F). In the Japanese N. decipiens {Mesogloea 
decipiens Suring. (266) p. 75 ; Cladosiphon decipiens Okam. (177) pi. 89) 
the thallus remains solid. 

Spermatochnus paradoxus (Stilophora Lyngbaei Harv. (9s) pi. 237), 
a deep-water annual growing on sand or mud, has a firm dicho- 
tomously branched thallus which is fistular in the older parts (fig. 
27 A). The axial thread ((198) p. 66, (200) p. 53), arising from the usual 
prostrate base, bears alternating whorls of generally four clavate 
assimilators (fig. 27 F, a) at the upper end of each segment (fig. 27 
B, a). The basal cell {b) of each such assimilator at an early stage 
grows out on its under side into a branched cortical thread (fig. 27 
B, F, d)y which keeps pace with the increasing elongation of the axial 
segment so that the group of threads from each whorl completely 
envelops the part of the segment below. This is followed by the 
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outgrowth from the epibasal cells of similar threads (fig. 27 B, d') 
which cover those first formed. Subsequent periclinal division of the 
cells of the outer threads results in a firm, several-layered envelope 



Fig. 26. A, B, Chordariopsis capensis (Ag.) Kyi. ; A, apex in longitudinal 
section; B, small part of periphery of transverse section, with unilocular 
sporangia. C-F, Nemacystus flexuosus (Ag.) Kyi.; C, apex of thallus; D, E, 
plethysmothalli ; F, periphery of longitudinal section of mature thallus, with 
sporangia, a, assimilator; ac, apical cell; c, cortex; d, descending filaments 
of lateral; hair; /, lateral; w, axial thread; />, plurilocular and m, unilocular 
sporangium ; pUy primary and say secondary assimilator. (A, B after Kylin ; 
C, F after Kuckuck; D, E after Sauvageau.) 

(fig. 27 C, E, L, co) around the axial thread. Later, owing to the 
extensive peripheral growth, the axial thread (fig. 27 D, E, w), 
separates from the surrounding envelope, the resulting hollow (c) 
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Fig. 27. Spermatochnus paradoxus Kiitz. A, habit; B, apical part of thallus 
in longitudinal section; C, the same, external view; D, longitudinal section 
of older part of thallus ; E, transverse section of relatively young part of the 
thallus; F, apex of thallus; G, H, axial thread with hyphae; I, K, assimilators 
with unilocular and plurilocular sporangia respectively; L, small part of 
longitudinal section through an older thallus, with a sorus of unilocular 
sporangia, a, assimilator; acy apical cell; 6, basal cell of lateral; c, cavity; 
CO, cortex; d, descending filament from basal cell, d' from epibasal cell; 
e, epibasal cell of lateral; /i, hair; fiy, hypha; I, lateral; m, axial thread; 
pf plurilocular and «, unilocular sporangium; ra, secondary assimilator. 
(A after Newton; G, H after Jbnsson; I, K after Sauvageau; the rest after 
Remke.) 



SPERMATOCHNACEAE 


93 

being occupied by aqueous mucilage. The persisting axial thread 
(fig. 27 L, m) remains connected to the cortical envelope by the 
elongate basal cells {h) of the primary assimilators.^ Branching is 
effected by one of the primary laterals developing into a new axial 
thread. According to Jonsson ((no) p. 15) the cells enveloping the 
axial thread may give rise to hyphae which penetrate the walls and 
later the cell-cavities of the former (fig. 27 G, H, hy) ; their cells may 
contain chromatophores (cf. Desmarestia, p. 186). 

When the reproductive phase sets in (fig. 27 D, E, L), the pro- 
jecting portions of the assimilators are shed and only the basal {h) 
and epibasal (e) cells remain. From the latter hairs (h) and secondary 
assimilators (sa) are produced, the uni- and plurilocular ((246) p. 122) 
sporangia usually arising as lateral outgrowths from the lower cells 
of these assimilators (fig. 27 I, K). The sori thus formed occupy the 
positions of the former primary assimilators, but similar sori can 
subsequently originate at any point on the cortex. 

Spermatochnus departs appreciably from the forms hitherto con- 
sidered in the fact that the assimilators are of quite subordinate 
importance until the time of reproduction, the photosynthetic region 
of the vegetative plant being constituted by a cortex formed by the 
close juxtaposition of cortical threads produced from the lower cells 
of the whorled laterals. In this respect it resembles the Desmarestiales. 
The abundant production, in the reproductive phase, of assimilators, 
which, as in Mesogloeaceae, act both as a protection for the developing 
sporangia and as a local photosynthetic apparatus, is again a feature 
seen in many advanced members of the Brown Algae. 

Stilophora and Halorhiza are multiaxial, although it is uncertain 
whether this structure is primary or secondary (cf. fig. 28 F).^ The 
peripheral cells of the axis bear curved assimilators (fig. 28 A, C, F, a) 
which overtop the summit, although more or less widely separated in 
the older parts as a result of the marked elongation of the axial cells. 
The cortical envelope (fig. 28 C, co) is formed in the same way ((198) p. 70, 
(200) p. 55) as in Spermatochnus (cf. fig. 28 F), its peripheral cells finally 
dividing to form a small-celled superficial layer (fig. 28 E, 5) bearing 
the simple or branched secondary assimilators (sa); these are either 
uniformly distributed {Halorhiza) or appear in localised areas {Stilo^ 
phora). They bear the two kinds of sporangia ((280) p. 238) on their 
lower cells (fig. 28 D, E, p). In the older parts the medullary threads 

^ Spermatochnus Lejolisii Reinke {Stilophora Lejolisii Thur.) is referred by 
Kuckuck ((147) pp. II, 70) to a distinct genus Stilopsisy distinguished by the 
sympodial growth of the axial thread which becomes surrounded by a large - 
celled envelope as in Nemacystus. The numerous assimilators are short and 
papillate (cf. also (iss) p. 50). 

* Kuckuck ((147) pp. II, 68 ) gives rather contradictory accounts of these 
forms and the description given above is based on that of Kjellman ((121) 
p. 230). 
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separate, the central hollow being occupied by hyphae which are out- 
growths from the medullary cells (cf. also (36) p. 87). 

Stilophora rhizodes ((qs) pi. 70) is a not uncommon annual on diverse 
substrata near low-water mark and favours situations where there is an 



Fig. 28. Stilophora rhizodes J. G. Ag. A, apex of thallus; B, habit; C, F, 
longitudinal sections of apex of thallus; D, fertile tuft with plurilocular 
sporangia ; E, peripheral part of thallus with a similar fertile tuft, a, assimi- 
lator; ac, apical cell; by basal cell of lateral; co, cortex; d, descending filament; 
By epibasal cell of lateral; hy hair; w, axial threads; py plurilocular sporangia; 
Sy surface layer of thallus; sa, secondary assimilators. (A, C after Reinke; 
B photo. R. Cullen; D, E after Thuret & Bornet; F after Kuckuck.) 

influx of fresh water into the sea. The thallus (fig. 28 B), up to 65 cm. 
long, shows subdichotomous branching, the rounded wart-like sori 
being scattered over the whole surface. Halorhiza vaga Kiitz. is so far 
known only from the Baltic. 

Kylin ((iss) p. 54) establishes the genus Chordariopsis for the South 
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African Chordaria capensis Aresch. (cf. (147) p. 62), a uniaxial form 
distinguished by its firm parenchymatous structure (fig. 26 A). Assimi- 
lators are completely lacking on the vegetative parts, while on the fertile 
tracts (fig. 26 B) they appear as clavate, usually one-celled, structures (a) 
forming a protection for the unilocular sporangia (u) which arise from 
the peripheral cells. 


The Genus Splachnidium 

There is every reason to believe ((147) p. 9, (260) p. 287) that this 
anomalous monotypic genus is a specialised member of the haplo- 
stichous Ectocarpales. S, rugosum ((93) pi. 14; fig. 29 A), with a 
gelatinous, monopodially branched, hollow thallus attached by a basal 
disc, is a perennial alga of the Southern Hemisphere (Cape of Good 
Hope, Australasia). In the past it has usually been referred to Fucales 
owing to the occurrence of the unilocular sporangia (fig. 29 C) in 
conceptacles, although the considerable differences were already 
clearly pointed out by Mitchell and Whitting (170). The “ apical cell 
recognised by earlier investigators ((93) pi. 14, (156), (170), (201)) is an 
endophytic Codiolum ((147) p. 78, (260) p. 282) which appears to be 
invariably present (fig. 29 B, D, c). 

The apices of the thallus-branches (fig. 29 D) are occupied by 
monopodially branched threads {t\ capped by numerous short, 
clavate assimilators (a). The axial threads grow by a subapical 
meristem (me)y but separate widely a short distance behind the apex ; 
as in Leathesia, however, they remain connected by anastomoses 
bridging the large mucilaginous interspaces (fig. 29 B, m\ which are 
also traversed by numerous branching hyphae {hy). In the older parts 
the assimilators are shed and the surface is formed by a compact 
cortex (co) of small cells. 

The conceptacles appear to originate in the immediate neighbour- 
hood of the apex by localised cell-division leading to overarching of 
certain parts of the surface. The centres around which the conceptacles 
arise are usually occupied by a Codiolum-mdiwidxxdX (fig. 29 D). This 
may imply that the presence of the endophyte exerts a stimulus^ or 
the association may be due to a local alteration of the surface facili- 
tating colonisation. Hairs are restricted to the inner surface of the 
conceptacles, although they project from the aperture, much as in 
Fucales (fig. 29 C). The large unilocular sporangia (w) arise successively 
from the cells forming the inner lining {w), Laing has observed the 
escape of zoospores (see (174)). 

Splachnidium constitutes a striking example of parallel develop- 
ment, the conceptacles though so similar to those of Fucales being 
borne on a thallus with an altogether different structure and mode 
of growth. 

^ '^itnhurg in Zeitschr. Bot. 13, 18 1, 1921. 



Fig. 29. Splachnidium rugosum (L.) Grev. A, habit; B, apical part of a 
branch in longitudinal section; C, section of a conceptacle, with unilocular 
sporangia; D, longitudinal section through apex of thallus. a, assimilator ; 
c, Coi/io/wm-plants; co, cortex; h, hair; hy, hyphae; m, mucilaginous inter- 
spaces ; me, subapical meristem of axial thread ; t, axial threads ; u, unilocular 
sporangium ; w, wall of conceptacle. (A after Mitchell ; the rest after Kuckuck.) 

(c) The Polystichous Ectocarpales 

The formation of a thallus by longitudinal septation of a primary 
filament is infrequent, although found in Ulvaceae and Prasiolaceae 
among Chlorophyceae and in Bangiales among Rhodophyceae. In 
the Phaeophyceae, on the other hand, it has resulted in the evolution 
of the highly specialised Laminariales and Fucales. On these grounds 
it might appear justifiable to treat the polystichous Ectocarpales as a 
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separate order. Their simplest representatives are, however, but little 
removed from Ectocarpaceae, both in structure and reproduction, so 
that a separation of the polystichous forms from other Ectocarpales 
would be artificial. The early stages of development, moreover, are 
ectocarpoid and evidently heterotrichous (figs. 31 A; 33 K), one or 
usually several of the erect threads giving rise to mature thalli. 

Occasional longitudinal division is found in diverse Ectocarpaceae 
(p. 55), and this tendency, though little apparent in the vegetative 
parts of the haplostichous forms, is shown by the frequent multi- 
seriate character of the plurilocular sporangia. The diverse genera to 
be considered form a closely related assemblage and their segregation 
into families presents considerable difficulties. The grouping adopted 
below, based on morphological characters, is largely one of con- 
venience. 


Punctariaceae 

One of the simplest polystichous forms is Phloeospora ((147) p. 82, 
(167)). The erect filaments of P. hrachiata Born. (Ectocarpus brachiatus 
Harv. (95) pi. 4), a widely distributed but rather rare summer epiphyte 
on Rhodymenia palmata, arise from a system of endophytic threads 
(fig. 30 G, e) and are at first uniseriate (fig. 30 B). Longitudinal walls 
appear at rather regular intervals (/) and, at these points, branches {br) 
and, at a later stage, reproductive organs arise; the branches are 
commonly opposite. Longitudinal septation later extends also to 
other parts (fig. 30 A), but the apices (a) of the filaments remain 
permanently uniseriate. Division of the primary cells is sometimes 
plentiful (fig. 30 C) and leads to a multiseriate, though slender, 
thallus, occasionally with a slight differentiation in size between 
central and peripheral cells. Rhizoids, which often develop in con- 
siderable numbers from the lower cells, serve to strengthen the 
attachment to the substratum (fig. 30 G). 

Unilocular sporangia develop as embedded struciures directly from 
the peripheral cells at and near the points of branching (fig. 30 A, D, 
E, w), while plurilocular sporangia are rare ((167) p. 9). Sporangia 
commonly develop in individuals which are still for the most part 
uniseriate, a feature encountered in most of the genera considered in 
the following pages. 

Phloeospora^ agrees with the more typical Punctariaceae in the lack 
of any marked differentiation among the cells and the immersed 
position of the sporangia. Several genera exhibit a surface-develop- 
ment and betray a considerable degree of parallel with the Ulvaceae. 

^ The related genus Xanthosiphonia ((7) p. H2, (122) p. 159, (257) p. 28) is 
distinguished by alternate branching and restriction of the plurilocular 
sporangia to special branches in which they form a complete envelope to the 
central sterile cells. Unilocular ones are unknown. 
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The leafy thalli of Punctaria ((149) p. 70, (239) p. 334, (281) p. 13)/ 
which usually grow in tufts, are almost exact replicas of Ulvas. In 
P, latifolia ((9s) pi. 8), a frequent annual lithophyte, the olive-brown 
fronds, which may reach a length of 40 cm., taper into a short slender 
stalk terminating in a basal attaching disc (fig. 32 C). The mature 



Fig. 30. Phloeospora brachiata Born, (after Kuckuck). A, part of a plant 
with unilocular sporangia; B, young vegetative thread; C-F, transverse 
sections of thallus at different levels, in F passing through a branch ; G, base 
of an older plant, with endophytic rhizoids (e). a, apical parts of branches; 
bty branch; /, regions of commencing longitudinal division; m, unilocular 
sporangium. 


thallus consists of up to seven layers of cells (fig. 3 1 L), of which the 
inner are often longer than the outer ((203) p. 72). At certain points 
the superficial cells grow out into colourless sheathed hairs (A), 
forming tufts which often appear slightly immersed. The embedded 

^ Agardh ( 8 ) groups the species of Punctaria into several genera (cf. (122) 
P* *55)1 which have not met with general recognition. 


Fig. 31. A, B, I, K, Desmotrichum undulatum (J. Ag.) Reinke; A, young plant 
derived from the swarmer of a plurilocular sporangium; B, plurilocular 
sporangia in erect thread of same; I, transverse section of mature thallus, 
with the two kinds of sporangia; K, habit. C-H, L, Punctaria latifolia Grev. ; 
C-G, progressive stages in the development of the mature thallus; H, plethys- 
mothallus with dehisced plurilocular sporangia and a young thallus ; L, trans- 
verse section of mature thallus, with the two kinds of sporangia. 6, basal and 
e, erect system; hy hair; p, plurilocular and w, unilocular sporangium; 
r, rhizoid ; ty developing thallus. (A, B after Kylin ; I, K after Reinke ; L after 
Thuret & Bomet; the rest after Sauvageau.) 
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sporangia form sori, the unilocular ones (m) differentiating when the 
thallus is only two-layered and becoming immersed by further 
division of the surrounding cells, while the plurilocular ones (p) 
develop later and project slightly above the surface. The sori of 
plurilocular sporangia, in particular, appear as dots to the naked eye. 

The young stages ((239) p. 33^) are simple unbranched uniseriate 
filaments arising from a creeping base (fig. 31 C). Longitudinal 
division leading to surface expansion soon commences (fig. 31 D-F), 
although apex and base remain uniseriate. The basal part soon becomes 
overgrown by rhizoids (cf. fig. 31 H, r) produced from the lower cells. 
Marginal hairs (fig. 31 Gy h) appear before the superficial ones. 



Fig. 32. Habits of A, Omphalophyllum ulvaceum Rosenv. ; B, Phaeosaccion 
Collinsii Farl. ; C, Punctaria latifolia Grev. (A, B after Rosenvinge; C after 
Thuret & Bornet.) 

Forms having the same essential structure (fig. 3 1 I) but possessing 
a ribbon-shaped thallus (fig. 3 1 K) are often placed in a separate genus 
Desmotrichum ((20) p. 17, (158) p. 43, (198) p. 55, (258) p. 5 ; inch Rhabdino- 
cladiaiM^S), The young stages of Z). undulatum (fig. 31 A), a rare 
epiphyte found near low-tide level, show evident heterotrichy ((152) 
p. 36, (196) p. Ill), the prostrate base (6) producing a few hairs (A) and 
a number of erect uniseriate threads (f) bearing one or more apical hairs. 
In cultures these threads may form plurilocular sporangia (fig. 3 1 B), 
and such stages recall the alga described as Z). halticum Kiitz. ((86) p. 37, 
(199) p. 15) in which the filaments, though showing considerable longi- 
tudinal septation in later stages, do not exceed a centimetre in height 
and bear plurilocular sporangia either in an intercalary position or as 
lateral outgrowths. This is possibly but a precociously fertile juvenile 
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stage of Z). undulatum (cf. (152) p. 38). Lund ((164) p. 34) records struc- 
tures like the ascocysts of Ascocychis on certain individuals of £>. balticum. 

The subantarctic Corycus ((117) p. 3, (257) p. 31, (261) p. 35) has a club- 
shaped thallus which is solid below and hollow above. In other respects 
it resembles Punctaria, 

The parallel between Punctariaceae and Ulvaceae is also illustrated 
by Phaeosaccion ((25), (6a), (202) p. 874), which has a tubular thallus 
simulating that of Enteromorpha (fig. 32 B). The wall of the tube is 
composed of a single layer of cells, each with a lobed chromatophore. 
The plurilocular sporangia are commonly formed only by a single 
division of the vegetative cell. In Omphalophyllum ((202) p. 872 ; fig. 32 A) 
the thallus is probably at first a hollow sack, which later tears open 
irregularly (cf. Monostroma), 

The early stages of Litosiphon ((109), (160) p. 6 ())pusillus ((9s) pi. 270) 
resemble an unbranched Phloeospora (fig. 33 F, J), but there is a 
greater degree of ultimate differentiation, since the central cells are 
much larger (cf. fig. 33 D, a) than the peripheral ones which contain 
the bulk of the chromatophores. Hairs occur scattered over the 
surface of the thallus (fig. 33 A). The immersed sporangia cover 
considerable areas (fig. 33 A), the plurilocular ones developing before 
the unilocular ((152) p. 26, (239) p. 352). The basal parts continue to 
elongate after the upper have become fertile. The unbranched filaments 
of L. pusillus are frequent on Chorda filuMy often covering the latter 
in late summer. 

In L. filiformis (Reinke) Batt. {Pogotrichum filiforme Reinke (108), (109), 
(139) p. 360, (200) p. 62, (202) p, 869), an epiphyte on Laminaria (fig. 33 E), 
the central cells are exceptionally large (fig. 33 D). Kuckuck (139), (h 6) 
found plurilocular sporangia arising directly from the prostrate system, 
individuals exhibiting this phenomenon commonly failing to produce 
erect threads. 

Stictyosiphon (inch Cladothele Hook. & Harv. (173)) differs principally 
in the extensive ramification of its thallus ; the numerous branches end 
in colourless hairs. S. tortilis Reinke ((200) p. 48, (204)) is found on 
diverse substrata in the littoral and sublittoral regions. Rosenvinge 
((204) p. 4) describes the basal disc (fig. 33 H) as parenchymatous and 
composed of large quadrangular cells arranged in vertical rows. The 
structure of the erect thallus (fig. 33 B, C) and the arrangement of the 
reproductive organs does not differ in any appreciable respect ((139) 
P* 363) from that of Litosiphon filiformis. In S. soriferus (Reinke) 
Rosenv. ((204) p. 9; Kjellmania sorifera Reinke^ (198) p. 59, (199) pi. 3) 
the sporangia are either embedded (fig. 33 I) or form projecting sori. 
There can be little doubt that the genera Litosiphon and Stictyosiphon 

^ Other synonyms included by Rosenvinge are: S. Corbieri Sauv. ((239) 
p. 298); S. adriaticus Kuck. non Kiitz. ((147) p. 81; cf. also (64) p. 156). 
Levring ((160) p. 71, (162) p. 53), however, holds that Reinke^s form is a 
distinct species and that Rosenvinge^s S. soriferus is a form of S. subarticulatus 
(Aresch.) Reinke. 




Fig. 33. A, F, J, K, Litosiphon pusillus Harv. ; A, part of an old plant with 
plurilocular sporangia; F, young stage; J, same with unilocular sporangia; 
K, germling from swarmer of plurilocular sporangium. B, C, H, Stictyosiphon 
tortilis Reinke; B, longitudinal and C, transverse sections of vegetative thallvis; 

H, vertical section of basal stratum. D, E, Litosiphon {Pogotrichum) filiformis 
(Reinke) Batt. ; D, transverse section with plurilocular sporangia; E, habit of 
fertile plant. G, I, Stictyosiphon soriferus (Reinke) Rosenv. ; G, base of plant; 

I, thread with unilocular sporangia, a, axial cell; b, basal system; c, cortex; 
e, erect thallus; h, hair; />, plurilocular and w, unilocular sporangium; r, 
rhizoid. (A, E after Kuckuck; F, J, K after Sauvageau; the rest after Rosen- 
vinge.) 
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are closely allied, although Kjellman ((121) pp. 201, 208) placed them 
in distinct families on the grounds that in the former intercalary 
division persists longest at the base, whilst in the latter it persists longest 
below the apex. 


Asperococcaceae 

Petalonia^ {Phyllitis) and Scytosiphoriy while showing essentially the 
same thallus-structure, differ from the genera above discussed in the 
manner in which the reproductive organs are borne. Petalonia Fascia 
{Phyllitis Fascia (Mull.) Kiitz. ; P. caespitosa Le Jol. (281) p. 9; 
Laminaria Fascia (95) pi. 45) has undulate, greenish or olive-brown 
thalli which may reach a length of 30 cm. and are narrowed basally 
into a short flattened stalk (fig. 34 A) ; it is usually found near low- 
water mark. Sections ((58) p. 265, (195), (251) p. no) show a central 
medulla (fig. 34 E, m) of large and somewhat elongate, colourless 
cells, interspersed with hyphae (/ry), and a cortex (c) of small cells. 
The early stages (fig. 34 F) are of the usual heterotrichous type ; those 
described by Yendo (297) are probably pathological. 

Scytosiphon Lomentaria {Chorda Lomentaria Lyngb. (9s) pi. 285), 
common in rock-pools between tide-levels, has narrow unbranched 
fistular thalli, up to 50 cm. long, with occasional constrictions and 
gradually tapering at base and apex; they generally grow in tufts 
(fig. 34 G), in which smaller individuals showing little or no con- 
striction are intermingled with the larger ones. The mature thalli 
((i) p. 334, (199) p. 17) originate from the primary heterotrichous stages 
(fig. 34 B, C) by longitudinal division of the erect threads (cf. also 
(286)), each of which terminates in a hair. Later similar hairs arise in 
a lateral position (fig. 34 B) ; in the mature thallus they may occupy 
pits ((257) p. 34) like those of Colpomenia (p. iii). As the fronds 
enlarge, the central cells undergo marked increase in size (fig. 34 D) 
and produce a long-celled medulla (m), while the peripheral ones 
divide abundantly to form the 1-2-layered photosynthetic cortex (r). 
The subsequent separation of the medullary cells fails to occur at 
fairly regular intervals, where the central hollow is interrupted. 

Both Petalonia and Scytosiphon produce only plurilocular sporangia, 
which are formed by outgrowth of the superficial cells over con- 
siderable areas. In Petalonia (fig. 34 E) the densely packed sporangia 
{p) possess 4-6 rows of compartments, while the sori of Scytosiphon 
(fig. 34 D) are interrupted by occasional large, ovoid or pyriform cells 
(paraphyses, a) which overtop the sporangia (/>). 

S triaria attenuata ((95) pi. 25) is a sublittoral epiphyte with cylin- 
drical thalli (fig. 35 A) reaching a length of 50 cm. The commonly 
opposite branches (sometimes in whorls of three) taper to either 
extremity and, in the fruiting condition, usually show a transverse 


^ Setchell and Gardner ((256) p. 535) use the name Ilea. 
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banding due to the sori of unilocular sporangia (fig. 35 D, w); each 
‘'branch terminates in a hair. Longitudinal septation of the primary 
filament (fig. 35 B) sets in at an early stage ((153) p. 16), but intercalary 
growth continues for a long time in the subapical region {m). The 
large central cavity (fig. 35 C) in the mature thallus is usually sur- 



Fig. 34. A, E, F, Petalonia Fascia (Mull.) Kuntze; A, habit; E, periphery of 
transverse section of thallus, with plurilocular sporangia; F, young plants. 
B-D, G, Scytosiphon Lomentaria (Lynbg.) Ag. ; B, older and C, younger 
gennlings; D, periphery of transverse section of thallus with a sorus; G, habit. 

paraphysis; by basal and e, erect systems; c, cortex; A, hair; Ay, hyphae; 
niy medulla; />, plurilocular sporangia. (A after Thuret & Bornet; B, C, 
F after Kuckuck; the rest after Taylor.) 

rounded by only two layers of cells ((200) p. 50). The sessile unilocular 
sporangia (fig. 35 C, D, u) are intermingled with unicellular para- 
physes (a) and hairs (A). 

In the projecting sori of certain allied genera multicellular assimi- 
lators are associated with the sporangia. One of the simplest of these 



STRlARlAy MYRIOTRICHIA 


lOS 

is Myriotrichia ((22) p. 31 1, (41), (64) p. 292, (86) p. 41, (141), (219) p. 269), 
some forms of which barely depart from the filamentous condition 
(fig. 36 D). Its species are minute epiphytes (fig. 36 1 , w), which never 
exceed a few centimetres in length and form dark, olive-brown, rather 
soft tufts. M, davaeformis ((95) pi. loi), not uncommon on Scytosiphon 



Fig. 35. A-D, Striaria attenuata (C. Ag.) Grev. ; A, habit; B, germling; 
C, transverse section of mature thallus, with sporangia; D, external view of 
thallus, with sori. E, Isthmoploea sphaerophora (Carm.) Kjellm., transverse 
section of thallus, with young plurilocular sporangia. «, paraphysis; 6, basal 
system; e, erect thallus; hy hair; m, meristem; p, plurilocular and w, unilocular 
sporangium; s, sorus.' (A after Newton; B after Kylin; C, D after Reinke; 
E after Jonsson.) 

Lomentaria and other Algae, has a somewhat club-shaped axis (fig. 36 
A, a)y which is capped by a hair and is uniseriate below, where inter- 
calary division continues for some time. Short, sometimes whorled, 
assimilators (a), intermingled with occasional colourless hairs Qi), 
occur in large numbers; in rare instances one of the assimilators 
develops into a branch. The uni- and plurilocular sporangia, generally 
found on distinct individuals, arise directly (fig. 36 B, C) from the 


Fig. 36. Myriotrichia. A-C, I, M, clavaeformis Harv. ; A, single plant 
enlarged; B, C, parts of plants with unilocular sporangia; I, plants (m)» 
natural size, on Scytosiphon (j). D-H, Af. repens (Hauck) Karsak. ; D, part 
of a thread with two zones of hairs with plurilocular sporangia ; •£, F, details 
of two such zones; G, part of a thread with unilocular sporangia; H, basal 
stratum, with sporangia. J, M. filiformis (Griff.) Harv., swarmer from pluri- 
locular sporangium, a, assimilator; c, chromatophore ; /{, hair; f, intemode; 
n, node; py plurilocular and m, unilocular sporangium; s, stigma. (A, I after 
Newton; the rest after Kuckuck.) 
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superficial cells, being either scattered or arranged in ill-defined 
annular zones. According to Kuckuck ((hO p. 73) assimilators may 
be altogether lacking in plants bearing plurilocular sporangia. Both 
in M. clavaeformis and M. repens unilocular sporangia are sometimes 
borne directly on the prostrate system (fig. 36 H; (112) p. 443, (141) 
pp. 61, 71). 

The erect threads of M. repens {Dichosporangium repens Hauck 
(70) p. 123, (98) p. 337, (240) p. 51) show little or no longitudinal 
septation (fig. 36 D), although there is differentiation into short nodal 
cells (w), bearing hairs {h) and sporangia (cf. also fig. 36 E, F), and 
long internodal cells {i). Longitudinal division, when it occurs, is 
usually confined to the nodes. 

Sauvageau ((240) p. 78) regards the Mediterranean M. Protasperococcus 
Berth. ((hO p. 65), an unbranched form with sporangia in well-defined 
annular zones, as the type of a distinct genus, Protasperococcus. The 
little-known Buffhamia ((22) p. 307) will perhaps find a place among this 
series of forms, 

Isthmoploea sphaerophora ((68), (96) p. 129, (114), (200) p. 45 ; Ectocarpus 
sphaerophorus Carm. (95) pi. 126), a small epiphyte with opposite or 
whorled branches found on diverse Red Algae between tide-levels, is 
usually classed with the forms under consideration. Longitudinal 
septation is sometimes confined to the basal parts and varies in extent. 
The sessile unilocular sporangia generally project in opposite pairs, 
while the plurilocular sporangia ((m) p. 163) are immersed among the 
superficial cells (fig. 35 E, />); there are no paraphyses. Isthmoploea 
shows points of contact with certain Punctariaceae. 

The tendency to form a hollow thallus reaches its extreme in 
Asperococcus ((41), (151) p. 15, (198) p. 53, (199) p. 7, (210), (281) p. 16), 
in which the plants are usually sack- or bladder-like, with occasional 
irregular constrictions (fig. 37 A). The wall consists of only a few 
layers of cells, of which the outermost are the smallest (fig. 37 D). 
The sori, appearing to the naked eye as dark dots irregularly scattered 
over the surface (fig. 37 A, ^), include numerous 2-3 -celled assimilators 
(fig. 37 D, a), intermingled with long hairs {h) of the customary type. 
The two kinds of sporangia are sometimes found in the same sorus. 

The two commonest species are A. jistulosus Hook. (A, echinatus 
Grev. (95) pi. 194) and A. bullosus (fig. 37 A; A: Turneri Hook. (9s) 
pi. ii), both of which frequently attain to considerable dimensions; 
the former occurs in tide-pools, while the latter is found in the 
sublittoral region. The minute A. scaber (140) lacks the usual central 
hollow, the axis being occupied by four large medullary cells (fig. 
37 F). In this species (fig. 37 C) plurilocular sporangia have also been 
found arising directly from the compact prostrate system ((139) p. 376, 
(140) p. 5 1). The germlings are of the usual type ((152) p. 42, (239) p. 363 • 
cf. also (283) p. 79). Impoverished forms, which scarcely get beyond 
the primary filamentous stage (fig. 37 B, E), are not rare. 




Fig* 37* Asperococcus. A, D, A, hullosus Lamour. ; the rest A. scaber Kuck. 
A, habit; B, E, young stages; C, basal stratum with plurilocular sporangia 
and base of an adult plant; D, peripheral part of a transverse section, with 
sorus of unilocular sporangia; F, section of young thallus, with plurilocular 
sporangia, a, assimilator; by basal system; c, chromatophore ; co, cortex; 
Cy erect thallus; hy hairs; m, medulla; />, plurilocular and unilocular 
sporangium; Sy sorus. (A after Thuret & Bornet; D after Bornet; the rest 
after Kuckuck.) 

Encoeliaceae {sensu Oltmanns (182) p. 66)^ 

Soranthera ulvoidea ((16), (188) p. 19), an epiphyte on Florideae on the 
western shores of North America, shows many resemblances to 
Asperococcus, The mature plants are hollow, sometimes irregularly 
lobed, vesicles (fig. 38 B), reaching a diameter of 7 cm. and with a 

^ An altogether artificial assemblage (cf. (232) p. 326), the members of which 
are grouped differently by others (cf. e.g. (256) p. 522 et seq.). 



SORANTHERAy COLPOMENIA 


109 

wall of several layers of cells (fig. 38 D, w ) ; the young plants.are solid 
(fig. 38 A). Attachment is effected by a system of threads, some of 
which (e) are endophytic ((16) p. 485, (147) p. 86; cf. however (10)), 
The scattered sori (fig. 38 B, j) of unilocular sporangia (fig. 38 D, m) 
are interspersed with numerous clavate assimilators (a). The sporangia 
are grouped around a central tuft of hyaline hairs (A), commonly 
situated at the base of a depression. It is this approximation of 



Fig. 38. Sor anther a ulvoidea Post. & Rupr. A, vertical section of young stage ; 
B, habit of mature plant; C, gametophyte; D, periphery of transverse section, 
with sorus. a, assimilator; c, central cavity; e, endophytic filaments; g, 
gametangium; h, hair; /lo, host; s, sorus; u, unilocular sporangium; tv, wall 
of vesicle. (A after Kuckuck; B after Kjellman; C after Angst; D after 
Setchell & Gardner.) 

sporangia and hairs that essentially distinguishes the forms now under 
discussion. 

The irregularly lobed and often sinuous vesicles of Colpomenia 
sinuosa (fig. 39 A) are not unlike a Leathesia in appearance ; older thalli 
often tear open irregularly. This seaweed is widely distributed in 
warmer seas, but early in the present century another form, of more 
delicate texture and less sinuous, became naturalised on the Atlantic 
shores of Europe (cf. (49), (sO, (60), (157), (223), (225) p. 19 and (232), where 
the earlier literature is summarised). According to Sauvageau ((232) 
p. 321) this constitutes a distinct variety (var. peregrina)y agreeing in 
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many respects with specimens described from the Pacific coast of 
North America, whence he believes the European form to have been 
introduced. Its rapid multiplication has caused considerable damage 
to the French oyster-beds (221); when filled with gas as a result of 



Fig. 39. A-D, F, G, I, Colpomenia sinuosa (Roth) Derb. et Sol.; A, habit; 
B, early development of cryptoblast (c) from the surface ; C, D, later stage, 
in transverse section and surface view respectively ; F, section of sorus ; G, 
mature cryptoblast in sectic^n; I, early development. E, H, Hydroclathrus 
cancellatus Bory; E, part of an older plant; H, section of a sorus. c, crypto- 
blast; cu, cuticle;/, paraphysis (fucosan-receptacle) ; /i, hair; />, plurilocular 
sporangium. (A, E, H after Mitchell; F after Boergesen; the rest after 
Sauvageau.) 
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photosynthesis, the often large thalli lift the young oysters and carry 
them out to sea (cf. also (44) p. 36). 

The mature structure has been described by Mitchell (169), while 
the accounts of the early development are somewhat conflicting. 
According to Sauvageau ((232) p. 339) certain cells of the primary 
creeping filaments divide to form clusters (fig. 39 I), from which, 
evidently much as in SorantherUy the young globular thalli originate. 
Killian and Werner ((113) p. 90), on the other hand, state that it is 
cells of the erect threads that divide by radial walls to form the mature 
thallus. The large central hollow arises as a result of extensive surface- 
growth effected by repeated crosswise division of the superficial cells 
((232) p. 329). Colpomenia possesses only plurilocular sporangia which, 
in the warm-water form, usually constitute dense sori (fig. 39 F), 
intermingled with unicellular paraphyses (/) functioning as fucosan- 
receptacles ; the centre of the sorus is occupied by a tuft of hairs {h) 
arising from an often ill-defined depression. As the sorus develops, 
the surface-pellicle (cuticle, cu) is lifted and ultimately burst. In 
var. peregrina the association of sporangia with the depressions is for 
the most part fortuitous, most of the sori arising quite independently 
of them (cf. also (35) p. 262). 

According to Mitchell (169) the hairs are superficial outgrowths which 
become sunk owing to abundant division of the surrounding cells. In 
the French form (var, peregrina) y however, they originate ((232) p. 329) 
from cortical cells surrounding a small intercellular space (fig. 39 C), 
which at first communicates with the exterior only by a narrow gap 
between the superficial cells (fig. 39 B, C, c). This space arises prior to 
the development of hairs and enlarges by division of the surrounding 
cells (cf. fig. 39 G). 

Hydroclathrus cancellatus Bory ((169), (255) p. 727, (26s) p. 23, (277) 
p. no), widely distributed in tropical and subtropical seas, is distin- 
guished by the reticulate perforation of the older thalli (fig. 39 E). 
According to Boergesen ((32) p. 178) interlocking rhizoids may grow out 
from the cells bounding some of the narrower perforations. Sporangia 
(fig* 39 H) seem to occur principally on the younger unperforated 
individuals, where they cover a large part of the surface. 

Another member of this series is lyengaria stellata Boerg. ((36) p. 91 ; 
Rosenvingea stellata Boerg. (34)), forming extensive communities above 
low- water mark in tropical India; the thallus is provided with pro- 
jections which give it a somewhat stellate appearance (cf. also (103), 
P* 505). 

A different habit is shown by Chnoospora ((4), (5) p. 170, (17), (as) p. 263, 
(160) p. 21, (255) p. 728), which is apparently confined to warmer seas 
(especially the Pacific). Kuckuck ((147) p. 83; cf. also (256) p. 552) 
evidently intended to refer it to a separate family. The small, dicho- 
tomously branched thalli (fig. 40 A) bear numerous prominent tufts of 
hairs which emerge from often barely indicated depressions (fig. 40 E). 
The thalli are composed of a number of layers of cells (fig. 40 C) and 
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grow by means of a subapical meristem (fig. 40 B, m), Plurilocular 
sporangia form dense sori (fig. 40 D, />), often aggregated around the 
tufts of hairs {h). Skottsberg’s Cladochroa ((261) p. 42), recorded from 
the Falkland Islands, has a similar habit and structure, but produces 
unilocular sporangia. The North Pacific Myelophycus ((120), (121) p. 202, 
(256) p. 527) is at present imperfectly known. 



Fig. 40. Chnoospora. B, E, C. obtusangula (Harv.) Sond., the rest C , fastigiata 
J. Ag. var. pacifica J. Ag. A, habit; B, longitudinal section through apex of 
plant; C, the same, farther back; D, the same, with a sorus; E, the same, with 
a cryptoblast, /i, hair; m, meristem; />, plurilocular sporangium. (B, E after 
Kuckuck; the rest after Boergesen.) 

Dictyosiphonaceae 

The polystichous Ectocarpales hitherto considered for the most part 
exhibit diffuse growth, although in older plants cell-division is some- 
times largely confined to a suprabasal {Scytosiphon, (106) p. 113; 
Litosiphon) or subapical position {Stictyosiphon, Chnoospora), Diverse 
Dictyosiphonaceae, on the other hand, possess apical growth, effected 
by a dome-shaped apical cell (fig. 41 F, ac\ the segments (^i, S2, ^3, 
etc.) of which, as they enlarge, divide longitudinally; Kuckuck and 
others ((106) p. 100, (147) p. 87, (172) p. 4) have, however, emphasised 
that some transverse division occurs in tbe older parts. 

There is evidence that, as in Spermatochnaceae (p. 90), the apical 
growth is secondary and derived from a trichothallic mode of growth. 


DICTYOSIPHONACEAE 





Fig. 41. Dictyosiphon foeniculaceus (Huds.) Grev. A, habit; B, small part of 
thallus from surface, with an embedded sporangium ; C, zoospore ; D, E, two 
germlings ; F, longitudinal section through apex of thallus ; G, ditto through 
older region; H, early stage of development; I, small part of longitudinal 
section showing hypha-development; J, transverse section of an almost 
mature thallus. a, axial cells; ac, apical cell; c, central cavity; co, cortex; 
hy hair; hy, hyphae; p, chromatophore ; si, s2, etc., segments of apical cell; 
u, unilocular sporangium. (A after Taylor; E after Kuckuck; D, H after 
Sauvageau; the rest after Murbeck.) 
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Thus, young plants of Dictyosiphon foeniculaceus bear an apical hair 
with the usual basal meristem (fig. 41 E, H, h). According to 
Sauvageau ((239) p. 259) this hair arises at an early stage, but it plays 
no part in the growth of the underlying portion (fig. 41 H), which 
results from transverse division of the hemispherical cell {ac) at its 
summit. Sooner or later the hair is shed, and the apical cell occupies 
the actual tip (fig. 41 H, D, ac). The apical hair suggests affinity with 
certain Punctariaceae, with which there are also other points of 
resemblance. The thalli in this family bear only unilocular sporangia. 

The species of Dictyosiphon ((u) p. 26, (46), (172), (198) p. 63) are 
littoral epiphytes or lithophytes. D. foeniculaceus ((95) pi. 326), a 
slender form attaining a length of half a metre (fig. 41 A), is richly 
branched, while D. Chordaria Aresch. shows little ramification. The 
structure of the mature thallus recalls that of Litosiphon or Stictyo- 
siphon^ although showing rather more differentiation. In the younger 
parts the axis is occupied by four elongate cells (fig. 41 E, G, a) which 
are surrounded by layers of progressively smaller ones {co)^ the outer- 
most containing discoid chromatophores ; some of these grow out into 
hairs (Ji) of the usual type. Most of the mature thallus is hollow 
(fig. 41 J), owing to separation of the axial cells which ultimately 
disorganise, but the upper parts of the branches and the extreme base 
of the plant remain solid. The peripheral layers originate by tan- 
gential division of the surface-cells. The inner cells have large pits 
on the transverse and longitudinal walls. Hyphae arise chiefly from 
the peripheral cells (fig. 41 I, hy) and mainly in the older parts, often 
appearing in the basal regions of the larger branches and penetrating 
from there into the main axes. 

The numerous large sporangia usually develop singly ((172) p. 25) 
from superficial cells, but subsequently become embedded (fig. 41 
B, u) by division of the surrounding cells. 

The alga known as Gobia haltica ((23), (198) p. 65 ; Cladosiphon halticus 
Gobi (80) p. 12, (8i)), with a little-branched thallus (fig. 42 B), appears 
to be a depauperate form of D. Chordaria ((59), (162) p. 57, (302)). 

In Scytothamnus ((6) p. 60, (92) p. 219, (loi), (261) p. 33), the species of 
which occur in the Southern Hemisphere, the apical growth is less 
well defined. In S. australis the tip of the thallus (fig. 42 D) is occupied 
by a group of apical cells ((79), (147) p. 90, (257) p. 48), while in S. hirsutus 
((261) p. 34) there appears to be only one. The elements of the central 
tissue are widely separated by mucilage (fig. 42 D, E, w), which is 
traversed by numerous hyphae. The large sporangia occupy the same 
position as in Dictyosiphon (fig. 42 E, m). 

Delamarea attenuata (Kjellm.) Rosenv. ((202) p. 865 ; Physematoplea 
attenuata Kjellm. (118) p. 60), first described from the Arctic but later 
found at Heligoland ((133) p. 246), is probably a related form. The 
sporangia are embedded amid numerous unicellular assimilators which 
arise from the cortical cells. 
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Coilodesme ((147) p. 87, (192), (205) p. 160) is commonly referred to 
Dictyosiphonaceae on account of the mode of arrangement of the 
sporangia (fig. 42 F, u\ although Setchell and Gardner ((256) p. 577) 
place it in a family by itself. The early stages ((147) p. 88 ) afford no 
evidence of a distinct apical cell and the growth appears to be largely, 
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Fig. 42. Diverse Dictyosiphonaceae. A, C, Coilodesme caltforntca (Rupr.) 
Kjellm. ; A, group of young plants ; C, surface view, with unilocular sporangia. 
B, Gobia baltica (Gobi) Reinke, habit. D, E, Scytothamnus australis (J. Ag.) 
Hook. f. et Harv. ; D, longitudinal section through apex ; E, the same through 
the older thallus, with sporangium. F, Coilodesme bulligera Strdmf., longi- 
tudinal section, with sporangia, a, assimilators ; ap^ aperture above sporan- 
gium; m, mucilage; u, unilocular sporangium. (A after Setchell & Gardner; 
B after Gobi ; the rest after Kuckuck.) 

if not entirely, diffuse. The usually unbranched thalli (fig. 42 A), 
which often reach a considerable size, include a large cavity which is 
surrounded by a few layers of cells; the basal stalk remains solid. 
The sporangia are completely immersed (fig. 42 F, w), only a narrow 
aperture (fig. 42 C, ap) remaining above each. This is due to the 
upgrowth from the peripheral layer of usually 3 -celled assimilators {a\ 
the outermost cells of which meet to form an almost complete canopy. 
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Fig. 43. Development and liberation of swarmers in Ectocarpales. A, B, 
Pleurocladia lacustris A. Br. ; A, deliniitation of swarmers within the unilocular 
sporangium; B, earlier stage of development of same. C, D, I, Ectocarpus 
siliculosus (Dillw.) Lyngb. ; C, unilocular sporangium in transverse section, 
with nuclei and chromatophores dispersed; D, the same in longitudinal 
section, peripheral disposition of chromatophores and nuclei; I, liberation of 
swarmers from a plurilocular sporangium. E, K, Pylaiella littoralis (L.) 
Kjellm.; E, two unilocular sporangia, in different stages of development; 
K, liberation of swarmers from unilocular sporangia, a and h two successive 
stages. F-H, Stictyosiphon tor tilts Reinke, successive stages in development 
of the plurilocular sporangium. J, S, sortferus (Reinke) Rosenv., liberation 
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In C. californtca the sporangia are very irregular in shape and vary 
much in size (fig. 42 C). This species (fig. 42 A) is widely distributed 
on the Pacific coast of North America, whilst other species (e.g. 
C. bulligera) are subarctic in their distribution ((190) p. 172, (203) p. 61, 
(256) p. 581). 

THE GENERAL FEATURES OF REPRODUCTION 

The situation of the uni- and plurilocular sporangia has been fully 
described in the foregoing pages; they commonly arise in the same 
position. The details of their development are known only in a few 
forms ((43) p. 150, (123) p. 98, (126) p. 349, (127) p. 312, (137) p. 360, 
(14s), (167) p. 10, (212)). The young unilocular sporangium has a large and 
conspicuous nucleus and the cytoplasm increases in amount until it 
completely fills the rudiment ; a number of parietal chromatophores 
are Usually present. The first nuclear divisions are no doubt as a rule 
meiotic (cf. p. 126), although there are certain probable exceptions 
(p. 137). For a time repeated nuclear division takes place, accom- 
panied by multiplication of the chromatophores ; in Pylaiella Knight 
((126) p. 350) records a long pause after the quadrinucleate condition 
has been reached. 

During the earlier stages of division (fig. 43 B, C) nuclei (n) and 
chromatophores (c) are distributed throughout the cytoplasm, but 
subsequently they assume a peripheral arrangement (fig. 43 D, E), 
with the chromatophores (c) commonly in a profile position perpen- 
dicular to the wall ; at this stage the chromatophores are often elongate 
and sometimes more or less wrapped round the nuclei. As the 
sporangium matures, the contents once again acquire a more even 
distribution, and this is followed by cleavage of the cytoplasm into 
uninucleate portions (fig. 43 A), each including one or more chromato- 
phores; according to Kuckuck ((145) p. 164) the initials are sometimes 
separated by mucilaginous septa. At this stage a brownish red eye- 
spot {e)y in intimate contact with a chromatophore (c), is recognisable 
in each initial. Chadefaud ((43) p. 15 1) states that the chromatophores 
in the initials of Mesogloea become constricted (fig. 43 L, N), the 
stigma (5) arising on the outer surface of one half. According to him 
the eye-spot in Ectocarpales consists of an oblong colourless highly 
refractive mass enveloped by pigment. Knight ((127) p. 312), in 
Ectocarpus siliculosusy records a conspicuous granule, regarded as a 

of swarmers from plurilocular sporangium. L, N, O, Mesogloea sp. ; L, two 
initials from an almost mature unilocular sporangium; N, chromatophores 
from same; O, zoospores. M, Cylindrocarpus microscopicus Crouan, apex of 
almost mature unilocular sporangium, c, chromatophore; e and s, eye-spot; 
m, mucilage; nucleus; p, pyrenoid; ply plurilocular and unilocular 
sporangium ; se, septum ; zv, cell-wall. (A, B after Klebahn ; C-E after Knight ; 
F“H, J after Reinke from Oltmanns; I, K after Thuret; M after Kuckuck; 
L, N, O after Chadefaud.) 
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blepharoplast, during all stages of sporangium-development (cf. also 
(167) p. 10). 

The contents of the sporangium are usually liberated through an 
apical aperture (lateral in Pylaiella^ fig. 43 K); prior to dehiscence, 
the wall in this region develops a mucilaginous middle layer (fig. 43 
M, w), the swelling of which causes rupture. Most of the contents are 
usually extruded in a single group (fig. 43 K) enclosed within a thin 
mucilage-envelope (a), but release of the individual swarmers (Z>) 
takes place almost at once. Extrusion is often violent and affords 
evidence of a considerable internal pressure (cf. also (280) p. 235). 
Occasionally small groups of swarmers fail to separate from one 
another. The cell below the sporangium may grow into the empty 
cavity and form either a new one or continue as a vegetative thread. 

The swarmers (fig. 43 O) are haploid and as a general rule behave 
as asexual zoospores; they show the characteristic features of the 
motile cells of Phaeophyceae (p. 40) and contain one or several 
chromatophores. They are often markedly phototactic ((151) p. 3, 
(152) p. II ; cf. however (i) p. 329). Certain species (e.g. Ectocarpus 
tomentosus (209), (217) p. 360; E. granulosus (145) p. 175; Pylaiella 
fulvescens (37)) produce zoospores of specially large size which often 
show little motility, apart from amoeboid movement. 

After swarming for some time, the zoospores, in some species of 
Ectocarpus, become attached with the help of a sucker-like enlarge- 
ment formed at the tip of the anterior flagellum ((27) p. 404, (isO p. 10). 
By the gradual contraction of the latter the body of the swarmer is 
drawn on to the substratum ; this is followed by the withdrawal of the 
other flagellum, rounding off, and secretion of a membrane, after 
which immediate germination to form a filament ensues. It is not 
known whether this method of attachment is frequent, and it seems 
that the zoospores commonly settle directly on a substratum. In the 
more specialised Ectocarpales the rounded cell formed from the 
zoospore {emhryospore, fig. 47 A) puts out a tubular prolongation 
(fig. 47 B) into which most or all of the contents pass, after which the 
prolongation is cut off by a septum (fig. 47 C) ; it is this cell which 
divides to produce the prostrate system of the gametophyte (fig. 47 
D,E). 

The plurilocular sporangia are generally more elongate than the 
unilocular ones ; those of Ectocarpus siliculosus become progressively 
shorter as the season advances ((127) p. 310, (132)). As a general rule 
the rudiment undergoes successive divisions by transverse septa, and 
the row of flat cells thus produced may constitute the mature 
sporangium (e.g. Ascocyclus, fig. 8 D ; many Myrionemataceae, fig. 9 J ; 
Myriactula, fig. 16 C). Commonly, however, longitudinal walls appear 
at a fairly early stage leading to division of the primary compartments 
into quadrants, and this may be followed by further segmentation 
(figs. 4 G ; 7 A ; 8 L) by vertical septa so that as many as 24 chambers 
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may be present in the cross-section of the sporangium ; the degree of 
segmentation probably often varies within fairly wide limits in one 
and the same species. As a result of this regular septation the pluri- 
locular sporangia usually possess cubical compartments of approxi- 
mately even size (figs. 31 L ; 34 E). 

In most Ectocarpales septation of the developing plurilocular 
sporangium seemingly ensues after each nuclear division, in con- 
junction with division of the chroma topho res. In Lithoderma ((145) 
p. 167), however, nuclear division is completed before any formation 
of septa occurs, while in Stictyosiphon tortilis ((145) p. 164, (200) p. 49, 
(294) p. 130, as Phloeospora subarticulata Aresch.) several divisions of 
the chromatophores and of the nucleus may occur before the first 
septa are laid down (fig. 43 F-H). As Oltmanns ((182) p. 72) points 
out, such sporangia in their development show appreciable approxi- 
mations to the unilocular type. According to Knight ((127) p. 310) 
the young plurilocular sporangium of Ectocarpus siliculosus possesses 
dense cytoplasmic contents and reduced chromatophores ; a probable 
blepharoplast-granule is recognisable during the later divisions. 

Dehiscence of the plurilocular sporangium ((280) p. 234) is com- 
monly at least effected by a single apical aperture (fig. 43 I) ; the septa 
between the individual compartments disappear completely {Stictyo- 
siphon tortilis) or only the central region is dissolved. The swarmers, 
produced singly from each compartment, pass out in a slow stream 
or in a series of bursts ((168) p. 542) through the apical aperture 
(fig. 43 I), a method of liberation contrasting with that observed in 
the unilocular sporangium (cf. also (61) p. 218, (280) p. 233). In 
Zosterocarpus ((121) p. 186), CastagneUy Lithoderma^ and certain species 
of Ectocarpus, however, each compartment of the sporangium opens 
separately to the outside (cf. also fig. 43 J). No septa are formed in 
conjunction with the later divisions of the plurilocular sporangia of 
Herihaudiella (fig. 10 B), so that each of the primary compartments 
furnishes a number of swarmers (fig. 10 C); the latter are stated to 
lack chromatophores in the mature condition ((78) p. 587, (270) p. 908). 

As already mentioned, the plurilocular sporangia of Ectocarpales 
include structures of diverse nature. Those found upon diploid 
individuals, also bearing unilocular sporangia, produce diploid 
swarmers which constitute an accessory method of multiplication of 
the sporophyte. Such diploid accessory swarmers either reproduce 
the sporophyte direct or give rise for a period to dwarf ectocarpoid 
stages reproducing by diploid plurilocular sporangia (cf. p. 132). 
Occasionally they germinate directly within the sporangium ((168) 
p. 543). The haploid swarmers from the unilocular sporangia produce 
gametophytes, which are either identical in form with the sporophytes 
or more usually are represented by minute filamentous stages. The 
plurilocular sporangia, borne upon the haploid gametophytic stages, 
are gametangia which form haploid gametes. The zygotes directly or 
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indirectly (p. 133) produce the new diploid phase. Although there 
are diverse exceptions and the full life-cycle has only been followed 
in a few species, the preceding statement probably applies to many 
Ectocarpales. 

Most members of the order appear to be morphologically isogamous 
and monoecious ((125) p. 153), although Ectocarpus siliculosus is usually 
dioecious (cf. however (145) p. 157) with distinct male and female 
strains. Goebel ((82) p. 179) reported an altogether isogamous sexual 
fusion in Ectocarpus glohifer Kiitz. (as E.pusillus Kiitz.), but this has 
never been confirmed, and it is probable that physiological anisogamy 
is the rule. The sexual process of E, siliculosus^ first described by 
Berthold (27) and often since corroborated ((89), (90), (14s) p. 156, 
(181), (216)), clearly demonstrates the sharp degree of differentiation. 
Despite the morphological identity of the two kinds of gametes, the 
female move less actively and for a shorter period ((90) p. 128); they 
come to rest on the illuminated side of the containing vessel, attaching 
themselves, like the zoospores, by their anterior flagellum. Each such 
passive female swarmer (fig. 44 B,/) becomes surrounded by numerous 
gametes (m) of the opposite sex which, still showing vibrating move- 
ments, in part at least fix themselves to the former by their forward 
flagellum. Soon the anterior flagellum of one of the male gametes 
contracts (fig. 44 C, D) so that its body is brought into contact with 
that of the female, after which the two progressively fuse (fig. 44 
E-G ; cf. also fig. 45 B-F) ; the remaining male gametes swarm away. 
This type of clump-formation (i, p. 44) in which each group gives 
rise to a single zygote is, so far, recorded only in Ectocarpus^ although 
not always found there ((29) p. 419). The method of fusion of the 
gametes just described and illustrated in fig. 44 C-H would, however, 
appear to be frequent among Ectocarpales (145). 

A fusion of morphologically isogamous gametes is also reported inter 
alia for Ascocyclus ((229) p. 1578), Lithoderma ((14s) p. 170; cf. fig. 44 A), 
Mesogloea vermiculata ((187) p. 36), Phloeospora brachiata ((167) p. 15), 
Asperococcus hullosus ((129) p. 93), Punctaria (286), Sorocarpus, and 
Heterochordaria ((0 p. 331), although few details are available. In 
Sphaerotrichia divaricata {Nemacystus divaricatus Hygen (104) p. 245) 
larger female and smaller male gametes are recorded, and the former 
are stated also to develop apogamously. Soranthera ((9) p. 161) is 
described as having large, darJc-coloured, sluggish female gametes and 
small, transparent, active male gametes, as well as swarmers of an 
intermediate type ; both of the latter can apparently fuse with the female 
gametes. In neither instance do the published figures afford clear 
evidence of the existence of more than one type of plurilocular sporan- 
gium on the gametophytes (cf. fig. 38 C), and further investigation is 
needed to establish the true state of affairs. 

According to Hartmann ((90) p. 132) the two types of gametes in 
Ectocarpus siliculosus can be distinguished by intra vitam staining and 
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((91) p. 387) contain specific sexual substances. It is not altogether easy 
to harmonise this with the occurrence of relative sexuality ((89) p. 463, 
(90) p. 138, (91) p. 385), i.e. the fusion between two different groups of 
gametes belonging to the same strain. Hartmann ((90) p. 146) concludes 
that sex determination in this species is phenotypic. 

Several species of Ectocarpus (fig. 45) possess more than one kind 
of plurilocular sporangium, the compartments being of different sizes 

A 




J 





Fig. 44. Sexual fusion. A, Lithoderma fatiscens Kuck., progressive stages 
in fusion of gametes. B-H, Ectocarpus siliculosus (Dillw.) Lyngb. ; B, clump- 
formation; C-F, progressive stages in fusion; H, zygote. I, J, Scytosiphon 
Lomentaria (Lyngb.) Ag. ; I, fusion; J, zygote, c, chromatophore ; /, female 
and niy male gamete; 5, eye-spot. (A, I and J after Kuckuck; B-H after 
Berthold.) 

and different types of swarmers being produced. The one kind 
(meiosporangium) seemingly serves to produce accessory asexual 
swarmers, while the others (megasporangia and microsporangia) 
constitute gametangia. Kniep ((125) p. iS5)> however, regarded the 
megasporangia as asexual and the meiosporangia as female organs. 
In view of the marked anisogamy shown by some of these species, 
they were referred by Batters (21) to a distinct genus Giffordidy but 
such separation is not warranted, since the heterogamous species of 
Ectocarpus are in part closely allied to isogamous ones ((212) p. 265). 
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In the rare E. secundus ((39), (217) p. 388), in which meiosporangia 
appear only towards the end of the growing season ((242), (z44) p. 51), 
the female gametangia (fig. 45 A, ma) have large compartments con- 
taining a number of deep brown chromatophores, while the male {mi) 
have small, pale-coloured, compartments, each with a single minute 
yellow chromatophore. Sexual fusion ((217) p. 390) occurs between the 
two kinds of gametes (fig. 45 C-F) after the manner above described 
for E. siliculosusy the female soon coming to rest and being sought out 
by the males. Apogamous development of the megagametes is not 
uncommon in the later part of the season when the male gametangia 
are lacking and, in E, Padinae Sauv.^ ((42) p. 88, (48) p. 371, (218) p. 24, 
(226)) with similar gametangia (fig. 45 N-P), this is always so, so far 
as present observations go, and it is not known whether the micro- 
gametes are ever functional. In E. Padinae meiosporangia (fig. 45 M, 
me), with compartments intermediate in size between those of the 
micro- and megasporangia, are found throughout the season; the 
germlings of the meiospores show narrower dimensions than those 
formed from megaspores. 

In the two species just discussed no individuals with unilocular 
sporangia have been discovered, and the plants so far studied must 
be presumed to be gametophytes which can propagate apogamously, 
as well as by means of the swarmers from the meiosporangia. The 
sexual fusion in E, secundus, however, implies the existence of diploid 
thalli that will probably be found to bear unilocular sporangia, and 
the same may be true of E, Padinae, 

In another species, E. Mitchellae Harv. {E, virescens Thur.), in 
which megasporangia and meiosporangia are borne on distinct 
individuals (213), unilocular sporangia have recently been found ((36) 
p. 75, (244) p. 67) on plants bearing also meiosporangia (fig. 45 G-I). 
Cultures of the swarmers from the unilocular sporangia afford plants 
bearing megasporangia (fig. 45 J, ma) and microsporangia (fig. 45 
K, L, mi). The swarmers produced by the former show a tendency to 
loss of movement ((218) p. 33), while those of the latter are colourless, 
save for the eye-spot. No fusion of the two kinds of swarmers has 
been observed, but the megagametes can give rise to further genera- 
tions bearing the same two types of reproductive organs. It is probable, 
however, that sexual fusion occurs in nature (cf. (125) p. 144) and that 
the zygotes develop into the plants bearing the unilocular sporangia 
which are otherwise inexplicable. Svedelius (269) has shown that plants 
bearing megasporangia or meiosporangia both possess the same 
number of chromosomes, which suggests a formation of meiosporangia 
also on the gametophyte (cf. E. secundus and E, Padinae). Those on 
the plant with unilocular sporangia can hardly be other than diploid. 


^ As regards the possible relation of this species to Acinetospora pusilla, 
see (226) and (236) p. 67. 
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Fig. 45. Heterogamy in Ectocarpus (alter Sauvageau). A-F, E. secundtis 
Kiitz. ; A, part of thread, with the two kinds of gametangia (mega- and micro- 
sporangia); B-F, sexual fusion. G-L, E. Mitchellae Harv. ; C 5 , thread with 
unilocular sporangia; H, I, the same, with meiosporangia; J, the same, with 
megasporangia; K, L, the same, with microsporangia. M-P, E, Padinae 
Sauv. ; M, meiosporangia; N, O, macrosporangia; P, microsporangia, 
r, chromatophore; /, female and m, male gamete; h, hair; ma, macrosporan- 
gium; ?ne, meiosporangium; mi, microsporangium; u, unilocular sporangium. 
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Two kinds of plurilocular sporangia^ have also been recorded in 
E. Lebelii Crouan ((39) p. 355, (218) p. 5, (281) p. 24), the one with very 
small compartments producing swarmers like the male gametes of 
E. secundus, the other with deep brown compartments. No fusion of 
the swarmers has been observed, and it remains doubtful whether those 
of the second kind represent meiosporangia or megasporangia. Askenasy 
((15) p. 8 ) also describes two types of plurilocular sporangia in E. indicus 
Sond. The large-chambered plurilocular sporangia recorded in E. con- 
fervoides are, according to Sauvageau (215), the result of the attack of a 
parasite. 

Plurilocular sporangia of different sizes are not, however, confined 
to Ectocarpus. Howe ((102) p. 48) records two kinds in Streblonema 
Cokeri. In Myrionema strangulans Sauvageau ((220) p. 218) describes 
some with large compartments regarded as megasporangia and other 
rarer ones with compartments of about half the size, interpreted as 
meiosporangia; Kylin ((153) p. 8), who observed only those of the former 
type, regards them as comparable to the meiosporangia of Ectocarpus 
Mitchellae. Karsakoff ((112) p. 435) also recorded in Myriotrichia 
filiformis two kinds of sporangia, the swarmers of which were stated to 
copulate. This has never been confirmed and, in view of what is known 
of the sexual reproduction of allied forms, the reported fusion of 
swarmers is improbable (cf. ( hs ) p. 175, (152) p. 34, (217) pp. 359, 395; 
see however (125) p. 15 1). Several kinds of plurilocular sporangia have 
also recently been reported in Colpomenia sinuosa (148). In spring the 
plants are stated to bear male and female gametangia, the male gametes 
being considerably smaller than the female and devoid of a chromato- 
phore; fusion is described. 

In Giraudya sphacelarioides Bcrthold ((27) p. 408) observed mega- 
sporangia forming sori on the assimilatory threads and liberating 
swarmers with several chromatophores, while recent workers have seen 
only meiosporangia with swarmers having a single chromatophore and 
occurring in the three types of sori described on p. 71. The only record 
of sexuality in this alga is that of Goebel (82), who describes conjugation 
of the swarmers from the megasporangia. Recent workers have generally 
regarded this as a misinterpretation ((147) p. 32). 

Incipient oogamy, similar to that of Ectocarpus secundus^ is also 
seen in Nemoderma ((144) p. 1 22), where the male and female gametangia 
are borne laterally on the upper parts of the erect threads (fig. 46 
A, ma^ mi), while the intercalary unilocular sporangia (fig. 46 D, u) 
occur on distinct individuals. The gametes are liberated singly from 
the compartments of the gametangia (fig. 46 B). The large female 
swarmers (fig. 46 E, /), which become attached by the anterior 
flagellum, are sought out by the small male swarmers {m) which lack 
a chromatophore, although possessed of a distinct eye-spot (^). The 
female gametes can also develop apogamously. The sexual cells ripen 
fortnightly ((144) p. 144) and are liberated in the interval between two 
successive spring tides (cf. Dictyota, p. 316). 

^ See also the data in (125) p. 143. 



Fig. 46. Nemoderma tingitana Schousboe (after Kuckuck). A, vertical section 
of crust showing the position of the sex organs; B, dehisced male gametan- 
gium; C, female gametangium; D, erect thread, with intercalary sporangium; 
E, sexual fusion. 6, basal system; c, chromatophore ; erect system;/, female 
and male gamete ; ma, female and mi, male gametangia ; f , stigma ; ti, uni- 
locular sporangium. 
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Although some Ectocarpales thus attain to an advanced state of 
anisogamy, true oogamy does not appear to have evolved in this order. 

THE LIFE-CYCLE IN THE ECTOCARPALES 

Of the two main types of reproductive organs met with in Ecto- 
carpales, the unilocular sporangia appear, alrhost without exception, 
to constitute asexual organs which produce zoospores germinating 
without fusion to form a potential gametophyte. The first nuclear 
divisions in the unilocular sporangium have been shown to bring about 
reduction in diverse Ectocarpales, a fact first demonstrated by Knight 
((126) p. 350) in Pylaiella littoralis (cf. also (15O p. 9) and confirmed by 
Dammann ((56) p. 9). While there are probably a number of instances 
in which meiosis is suppressed (p. 137), there is little evidence that 
reduction can occur at any other stage in the life-cycle.^ Unless there 
is proof to the contrary, therefore, the swarmers formed from uni- 
locular sporangia must be regarded as haploid, and the plants bearing 
such sporangia as diploid and sporophytic (cf. (152) p. 75, (269) p. 301). 

On the other hand the motile elements produced in the plurilocular 
sporangia probably always have the same chromosome-number as the 
parent plant. Where such sporangia occur on plants also bearing the 
unilocular type, the resulting swarmers are no doubt normally diploid 
and constitute merely a means of accessory propagation of the sporo- 
phyte. When plurilocular sporangia occur on what is known to be a 
haploid phase, they are invariably unaccompanied by unilocular 
sporangia and have in diverse instances been shown to liberate 
gametes which fuse to form a zygote producing a new diploid phase. 
The frequent absence of observed fusion cannot be taken as definite 
proof that the swarmers in question lack sexuality, since the artificial 
environment of a laboratory is only too likely to create conditions 
inimical to the occurrence of sexual fusion ; this is moreover clearly 
dependent on outside factors, as shown by various data in the 
literature (cf. (90) p. 135, (125) pp. 146, 154). The usual close resem- 
blance between the accessory plurilocular sporangia on diploid 
individuals and those which function as gametangia on the haploid 
phases, is one of the reasons why the life-cycle of Ectocarpales so long 
remained obscure. 

The investigations of the last two decades have made it clear that 
the complete life-cycle in this order involves an alternation between 
(a) a diploid individual bearing asexual (unilocular) sporangia (often 
accompanied by accessory plurilocular sporangia) and {b) a haploid 
individual bearing plurilocular sporangia which function as game- 
tangia. In the simple filamentous Ectocarpaceae the two generations 

^ Knight ((126) p. 355), however, states that on certain diploid plants of 
Pylaiella the last divisions of the plurilocular sporangia showed the haploid 
number of chromosomes. 
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are essentially alike and the alternation is isomorphic. The elaboration, 
which the thallus has undergone in the more advanced members of 
the Ectocarpales, has in a few instances affected both sporophyte and 
gametophyte, so that the alternation is likewise isomorphic {Nemo- 
derma, Heterochordaria ahietina, p. 130). More usually, however, 
only the sporophyte has been elaborated, whilst the gametophyte 
remains a small ectocarpoid or streblonemoid structure (fig. 47 G, H) 
so that alternation has become heteromorphic. Fundamentally, how- 
ever, wherever alternation occurs in Ectocarpales it is derived from 
a state with two identical generations (300), i.e., using the term in its 
old sense, alternation throughout the Ectocarpales is originally 
homologous (cf. (128) p. 29). In considering this interpretation it must 
be borne in mind that the complex sporophyte of the Ectocarpales 
practically always originates from an erect thread or threads of an 
heterotrichous filament, essentially — though not in detail — resembling 
the simple filamentous gametophyte (cf. e.g. fig. 31 A, H, with fig. 47 
F, G, H). The sporophyte does not ordinarily become fertile until 
the mature structure has been attained, whereas the gametophyte, in 
forms with heteromorphic alternation, forms reproductive organs 
while still in a filamentous condition. Precocious fertility on the part 
of the sporophyte is, however, frequent (cf. pp. 97, 107; (299); 
figs. 36 H ; 37 C). 

{a) Forms with Isomorphic Alternation 

Two practically identical generations are probably not uncommon in 
Ectocarpus and its allies. In E. siliculosus Berthold showed that the 
plants found at Naples during spring reproduce sexually by means 
of gametes liberated from the plurilocular sporangia, the only kind of 
reproductive organs present. The fate of the zygote was not clearly 
established, although some evidence was produced ((27) p. 412) that 
it developed into a small plant bearing uni- and plurilocular sporangia. 
Sexual reproduction in E. siliculosus at Naples has since been studied 
by diverse investigators ((89,127,145,181,193,216); cf. also (217) p. 365) 
and Knight ((127) p. 318) showed that the plants producing gametes 
are haploid. Berthold 's conclusions as regards the sporophyte have 
also been confirmed ((72) p. 4, (250) p. 91) ; at Naples it is a winter-form, 
considerably smaller than the gametophyte and bearing, apart from 
unilocular, accessory plurilocular sporangia. 

A similar alternation has been established in E. siliculosus by 
Foyn ((72) p. 6) on the west coast of Norway and by Papenfuss (185) at 
Woods Hole in North America ; both record haploid plants with pluri- 
locular sporangia only and diploid plants with pluri- and unilocular 
sporangia, either on the same or on distinct individuals. The diploid 
plants at Woods Hole, however, are more robust than the haploid 
ones, possessing bigger cells and considerably larger plurilocular 
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Sporangia. It would thus seem that in northern waters, by contrast 
to the condition obtaining at Naples, the diploid plant of the species 
under discussion is more vigorous than the haploid one. This is in 
harmony with the fact that Knight ((127) p. 322) in the Isle of Man 
found only diploid plants, while Kylin ((152) p. 16; cf. also (162) p. 31, 
(168) p. 547), on the west coast of Sweden, records plants (assumed to 
be, diploid) with mainly plurilocular sporangia that liberate asexual 
swarmers. The occurrence of reduction in the unilocular sporangium 
of E. siliculosus^ first established by Knight ((127) p. 314), has since 
been confirmed on material from diverse regions ((184,185,250); cf. also 
(*68) p. 545). 

While, therefore, Ectocarpus siliculosus in various localities exhibits 
a distinct alternation with varying preponderance of sporophyte or 
gametophyte, there is some evidence that yet another type of life- 
cycle may occur. Knight ((127) p. 316), in her British material, records 
fusion of the swarmers from the unilocular sporangia,^ and a similar 
state of affairs has been reported from the Adriatic ((250) p. 85). 
Knight’s data are perhaps not altogether convincing ((152) p. 19, (185) 
p. 423), but analogous observations since published (cL p. 13 1) 
strengthen the indications that such a behaviour on the part of these 
normally asexual swarmers is possible. I am inclined to interpret the 
phenomenon as an instance of extreme reduction, since under these 
circumstances the gametophyte is completely eliminated and the 
asexual cells that normally produce it themselves behave straight 
away as gametes (cf. Saccorhiza, p. 251 and (300)). Such curtailment 
of the life-cycle can, however, no longer be regarded as characteristic 
of northern latitudes (cf, (127) p. 321) in view of its occurrence also 
in the Adriatic. 

All who have studied the sexual reproduction of E, siliculosus have 
reported that a certain percentage of the gametes fail to fuse. Such 
gametes (apparently mainly the female ones, cf. however ((184)) can 
develop apogamously with the production of further plants bearing 
plurilocular sporangia only ((27) p. 412), and in this way accessory 
reproduction of the haploid phase takes place. In the normal life- 
cycle of the species under discussion, therefore, either phase can 
propagate itself indefinitely, the diploid phase with the help of the 
accessory swarmers from the plurilocular sporangia, the haploid phase 
with the help of apogamous gametes. 

The successive individuals^ which may thus for long periods per- 
petuate the diploid or haploid phase as the case may be, do not in 
Ectocarpus ordinarily appear to display any essential differences from 
the normal adult thallus. Instances are, however, on record in which 
both the accessory sporophytic phases derived from the swarmers of 
the plurilocular sporangia and the gametophytic phases derived from 

* According to Knight ((127) p. 321) this is also true of certain other species 
of Ectocarpus in British waters. 
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the swarmers of the unilocular sporangia, show simplification as com- 
pared with the adult thallus. Thus, in E. tomentomsizzn) such stages 
are described as simple ectocarpoid structures, showing nothing of 
the fasciculate character typical of the adult plant; they are also 
distinguished by the hairs which they bear. 

There are indications that other species of Ectocarpus exhibit an 
analogous life-cycle. Thus, according to Sauvageau ((218) p. 66, (244) 
p. 23), E, Hincksiae possesses two types of individuals, the one bearing 
unilocular, the other plurilocular sporangia; in either type plurilocular 
sporangia may also occur on the prostrate system. The individuals with 
plurilocular sporangia only are invariably epiphytic on Saccorhiza, The 
lack of viability of* the swarmers from the plurilocular sporangia on the 
erect filaments is regarded as a possible indication of their sexual nature, 
although fusion has not been observed. The scarcity of plants of 
E, Hincksiae with unilocular sporangia may be due to their being 
winter-forms^ or to their growth in deeper water. The reproduction of 
E, Mitchellae (p. 122) also furnishes evidence of isomorphic alternation. 

Such a life-cycle evidently also occurs in Pylaiella, The individuals 
of the true P. liitoralis on the coasts of Scandinavia for the most part 
bear either uni- or plurilocular sporangia ((154) p. 3, (160) p. 44), the 
diploid ones being in general larger than the haploid and showing 
certain other differences ((152) p. to). In Britain Knight ((127) p. 322) 
records plurilocular sporangia also on the diploid individuals, while 
haploid plants are very rare (cf. Ectocarpus siliculosus). Kylin ((152) p. 5) 
finds diploid plants all the year round on Ascophyllum (more rarely on 
Fucus)f while the haploid ones, occurring on Sertularia or on Ceramium 
rubrum epiphytic on Ascophyllum^ appear in spring and disappear by 
midsummer. In the Isle of Man (126) the haploid phases are found in 
spring and, like the diploid ones during early summer, occur on 
Ascophyllumy while later in the season the diploid phase spreads to 
species of Fucus, A seasonal alternation between a diploid spring phase 
and a probable autumnal haploid one is also implied by the observations 
of Johnson and York ((107) p. 29). 

Fusion of the swarmers from the gametangia on the haploid phases 
has been observed ((126) p. 354, (152) p. 14), although apogamy is also 
recorded. Both Knight ((126) p. 353) and Kylin ((152) p. ii) have in 
cultures grown well-developed gametophytes bearing plurilocular 
sporangia from the zoospores of the unilocular sporangia of the diploid 
individuals. The former ((127) p. 322) also records fusion of zoospores, 
although this was not observed by either Dammann or Kylin (cf. (152) 
p. 13). In view of the scarcity of haploid plants in the Isle of Man, 
Pylaiella littoralis may display the same tendency as Ectocarpus sili^ 
culosus towards an elimination of the gametophyte. 

Dammann’s record ((56) p. 8) of unilocular sporangia on the haploid 
individuals of Pylaiella^ the only instance of the kind so far reported, 
is believed by Kylin ((154) p. 6 ) to be due to confusion between the two 
species of Pylaiella (p. 55). In P. rupincola only individuals with 

^ Cf. also E. simplex ((244) p. 93). 
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unilocular (and occasional plurilocular) sporangia are known (cf. also 
( 162 ) p. 33), and the swarmers of the former produce new individuals 
with unilocular sporangia. This can only be explained by the supposi- 
tion that there is here no reduction in the unilocular sporangium. 

Data in the literature also support the existence of isomorphic 
alternation in Sorocarpus ((154) p. 20, (272)),^ Geminocarpus geminatus 
(Hook, et Harv.) Skottsb. (( 261 ) p. 9), and Strepsithalia ((214) p. 59). 
Sexuality on the part of the swarmers from the plurilocular sporangia 
has, however, only been demonstrated in Sorocarpus ( 0 . 

Among the more specialised Ectocarpales isomorphic alternation 
appears to be rare, although it probably occurs in Nemoderma (p. 124), 
Lithoderma ((145), (151) p. 41 ; fig. 12), and possibly other Myrionema- 
taceae.^ It must be noted, however, that neither in Lithoderma 
fatiscens Kuck., nor in Nemoderma (144), has a mature plant with 
unilocular sporangia been grown from the zygote, nor are there at 
present any cytological data. Apogamy has been observed in both 
genera. 

Another probable instance of isomorphic alternation is furnished by 
Heterochordaria abietina in which uni- and plurilocular sporangia occur 
on distinct individuals (( 256 ) p. 550). Since heteromorphic alternation 
obtains in diverse Mesogloeaceae (cf. below), the isomorphic life-cycle of 
Heterochordaria would remove it from that family. Reduction in the 
unilocular sporangium<3) has been established and, according to Abe(i), 
the swarmers of the plurilocular sporangia are gametes ; there is .strict 
dioecism, the female swarmers being slightly larger and alone capable 
of apogamous development. Abe ( 2 ) also describes a fusion of swarmers 
from the unilocular sporangia, usually from those of different indi- 
viduals. 


{b) Forms with Heteromorphic Alternation 

Heteromorphic alternation is definitely established for members of 
six families of Ectocarpales. These are: Mesogloeaceae {Castagnea 
virescens (iSy); Mesogloea vermiculata (.130) p. 113, (152), (187); Sphaero- 
trichia divaricata{io^))\ Spermatochnaceae (Spermatochnus paradoxus 
( 186 ); Stilophora rhizodes{iszS)\ Punctariaceae [Phloeospora brachiata 
( 167 )); Asperococcaceae [Asperococcus bullosus {izg) \ A. fistulosus ( 130 ) 
p. 109);^ Encoeliaceae {Soranthera ulvoidea{g, 10)) \ and Dictyosi- 
phonaceae {Dictyosiphon foeniculaceus (224,239)). In all instances the 
gametophyte is a minute filamentous plant (figs. 19 G; 38 C ; 47 G, 
H, I, O), with the general characteristics of a small Ectocarpus or 

^ The observations of Abe ((i) p. 334) on Sorocarpus uvaeformis require 
confirmation. 

* Cf. Ralfsia clavata ((153) p. 17). 

* The inclusion of A. fistulosus is based on the statements in the work cited, 
although in a later paper ( 129 ) reference is only made to the fusion of swarmers 
fron^ the unilocular sporangia (cf. below); in view of the data furnished by 
KyJin ((153) p. 13) it can hardly be doubted that there is normal alternation. 
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similar form. The occurrence of reduction in the unilocular sporan- 
gium has been established in Castagnea virescensy Mesogloea vermi- 
culatay Myriogloea Sciurus ((187) p. 30), Spermatochnus paradoxus, 
Phloeospora brachiata, and Asperococcus hullosus, 

Plurilocular sporangia do not occur frequently on the diploid 
individuals of the species listed above, being recorded only in 
Castagnea virescens ((187) p. 17; cf. however (iss) p. 31), Spermatochnus 
paradoxus ((246) p. 122), Stilophora rhizodes {2^0), Phloeospora brachiata, 
and Asperococcus bullosus ((152) p. 39); even in these, moreover, 
individuals with unilocular sporangia only are often reported. Among 
the more advanced Ectocarpales there is thus a tendency to eliminate, 
either entirely or for the most part, the accessory reproduction by 
diploid swarmers from plurilqcular sporangia which is so frequent 
among the less specialised members. In this respect the Ectocarpales 
show a definite evolutionary trend in the direction of the higher 
Phaeophyceae where such accessory reproduction of the diploid phase 
does not occur. 

Among the species cited above the full life-cycle has only been 
established in Asperococcus bullosus and Phloeospora brachiata, but the 
available data suffice to indicate that the general outline is the same in 
the other species. The lacunae concern particularly the observation of 
sexual fusion and the development of a new sporophyte from the 
zygote. The type of alternation under consideration was first demon- 
strated in Dictyosiphon by Sauvageau (224). 

Diverse records in the literature indicate the possibility of occasional 
fusion of the swarmers from the unilocular sporangia among more 
advanced Ectocarpales. This was first reported by Areschoug ((u) p. 27) 
in Dictyosiphon hippuroides, although it remains doubtful whether this 
was a true instance of fusion ((125) p. 138, (224)). Knight ((127) p. 317) 
records such fusion in Asperococcus fistulosus (cf. also (128) p. 23, (130) 
p. 109), Myriotrichia clavaeformis, and Punctaria plantaginea, while 
Hygen ((104) p. 257) assumes its occurrence in Sphaerotrichia divaricata. 
There are, therefore, data supporting the existence of a tendency 
towards the elimination of the gametophyte in these advanced types, 
similar to that noted in Ectocarpaceae (p. 128). 

Evidence of the occurrence of heteromorphic alternation is available 
for diverse Ectocarpales in addition to those listed above. In many 
of these the macroscopic plant bears both uni- and plurilocular 
sporangia and, although one or other type usually predominates at 
a certain stage of the life of the individual, there is generally a longer 
or shorter period of overlap. The unilocular sporangia may be formed 
before the plurilocular ones (Leathesia dijformis (152) p. 64, (230)), but 
more usually the sequence is reversed (e.g. Stilophora adriatica (240) 
p. 144; Punctaria latifolia (239) p. 341; Myrionema strangulans (153) 
p. 5 ; Litosiphon pusillus (239) p. 362, (244) p. 2 ; Myriotrichia repens { zai) ; 
Protasperococcus myriotrichiformis (hO p. 67, (240) p. 80). In certain 
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instances the two kinds of sporangia tend to occur on distinct 
individuals which, in Asperococcus for example, may show differences 
in size (cf. (149) p. 78, (151) p. 15, (210)). In general the swarmers from 
the two types of organs are alike, but in Litosiphon pusillus ((239) 
p. 356) and Spermatochnus ((246) p. 128) those from the pluriloculaf 
sporangia are described as being markedly larger and exhibiting a 
less rapid movement.^ 

There can be little doubt that in all the Ectocarpales now under 
consideration the ordinary plant is diploid and that the swarmers 
produced in its pludlocular sporangia are accessory and bring about 
multiplication of the sporophyte before the unilocular sporangia 
appear. With few exceptions these macroscopic thalli are non- 
perennial structures, only found for a few months, although the time 
of their appearance varies in different geographical regions. The 
restricted period of occurrence is particularly evident in those genera 
which possess a large thallus, where presence or absence is easily 
established. The manner in which such forms survived during the 
period of absence of the macroscopic plant was long a mystery, since 
no definite resting stages have ever been observed in the life-cycle of 
Ectocarpales or for the matter of that in any seaweed. Sauvageau 
(238.243) was the first to elucidate this point (cf. also (193)). He provided 
evidence that, during the period of absence, these forms persist as 
minute and largely prostrate filamentous stages, arising from the 
swarmers either of the uni- or plurilocular sporangia of the macro- 
scopic plant. These germlings are sometimes sterile, but more usually 
they bear plurilocular sporangia (fig. 47 M, />), the swarmers of which 
can produce several successive generations of such plants. 

Sauvageau calls the macroscopic stage the delophycean and the 
microscopic ephemeral one the adelophycean. The latter sometimes 
shows a curious dimorphism, some of the plants being discoid or 
myrionemoid in form, whilst others are streblonemoid ((228), (229), (233) 
p. 417, (238) p. 267, (239) p. 404), a phenomenon referred to by Sauvageau 
as heteroblasty. Kylin ((152) p. 58) is of the opinion that the difference 
results from the degree of rapidity with which the swarmer settles on 
the substratum (cf. however (301)). According to Knight ((128) p. 26) the 
alternation between the macro- and microscopic phases may be related 
to the availability of nitrates and phosphates. 

Sauvageau distinguishes three different categories among these fila- 
mentous stages. When the swarmers which they produce exhibit sexual 
fusion, he speaks of the parent-structures as prothalli. When there is 
no evidence of sexuality on the part of the swarmers, the filamentous 
stages — whether derived from pluri- or unilocular sporangia — are 
designated plethysmothalli. Sometimes such stages directly produce a 
new macroscopic plant (figs. 34 C ; 47 P) and are then termed proto- 
nemata ; they may at the same time bear plurilocular sporangia. There 

^ The opposite is reported for Ectocarpus tomentosus ((217) p. 360, (237) 
p. 126). 
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can be no doubt that in defining these categories in this way the true 
state of affairs has been confused {299). 

All filamentous stages derived from swarmers of unilocular 
sporangia must, until evidence to the contrary is forthcoming, be 
regarded as haploid ; they are potential gametophytes and the repro- 
ductive organs they bear are gametangia. The frequent apogamous 
development of their swarmers may or may not be a natural condition 
(cf. p. 126). It is important to note that, wherever the fate of the 
swarmers, from unilocular sporangia has been studied among the 
more advanced Ectocarpales, the resulting prothalli bear plurilocular 
sporangia only (cf. (56) p. ii, (152) p. 32, (239) pp. 348, 353, (240) p. 145); 
there is, moreover, no good evidence that they ever give rise directly 
to the adult thallus. 

The swarmers from the plurilocular sporangia of the prothalli have 
often failed in cultures to afford any evidence of sexuality, but have 
germinated direct to give similar prothalli bearing similar sporangia, 
and in certain instances several successive generations of such stages 
have been obtained. These are some of the plethysmothalli of Sauva- 
geau. They are, however, certainly different in nature from the 
plethysmothalli formed from the swarmers of the plurilocular 
sporangia of the sporophyte (cf. below). This is in agreement with 
the opinions expressed by Kylin ((152) pp. 32, 36, 66). 

It is possible that extensive apogamous development of the gametes 
may take place in nature as in cultures, and that a succession of 
gametophytes is formed, of which the ultimate one produces gametes 
capable of sexual fusion and thus re-establishes the diploid phase 
((128) p. 20) ; alternatively, the first-formed gametophyte may give rise 
to zygotes which develop a succession of similar plethysmothalli. 
Perhaps this is one means of perpetuation during the unfavourable 
period of the year. The fact, however, that sexual fusion has so rarely 
been observed in cultures may not be taken as a definite indication of 
its scarcity or absence in nature, since the conditions afforded by 
laboratory cultures are only too likely to be somewhat abnormal. In 
this connection attention may be drawn to the fact that in Aspero- 
coccus hullosus Sauvageau ((239) p. 386) failed to observe sexual fusion,^ 
whereas this has now been established (129); the same is true of 
Mesogloea vermiculata (cf. (72) p. 7 and (152) p. 50 with (187) p. 36), 
SpermatochniLs paradoxus (cf. (240) p. 128 with (186)), and Castagnea 
virescens (cf. (152) p. 57 and (239) p. 284 with (187) p. 37). 

The diploid swarmers from the plurilocular sporangia of the macro- 
scopic plant give rise to filamentous stages quite similar to the 
gametophytes (figs. 26 D, E; 47 M), but in no instance among the 
many studied has a sexual fusion of the swarmers they produce been 

^ Kylin’s ((151) p. 18) record of fusion of the swarmers from the pluri- 
locular sporangia of the ordinary individuals of this species is later described 
as erroneous ((152) p. 38). 
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observed. It is for these minute diploid stages that, in my opinion, 
the term plethysmothallus should be reserved ((74) p. 130, (152) 
p. 86, (299)). Mostly they bear plurilocular sporangia, from which a 
succession of such (presumably diploid) plantlets can be produced 
(cf. e.g. (230), (239) p. 280, (240) p. 139); sometimes, however, they form 
both kinds of sporangia, as in Myriotrichia repens and M. adriatica 
((240) pp. 64, 68) and Litosiphon pusillus ((152) p. 29, (244) p. 7 ; fig. 47 M), 
although this appears to be unusual.^ 

A feature, which speaks strongly in favour of the diploid nature of 
the plethysmothalli, is that sooner or later they commonly give rise 
directly (figs. 31 II, 47 M, e) to new plants (probable sporophytes; 
cf. (152) pp. 36, 65, (239) pp. 344, 360, 407). In other words their erect 
threads are capable of developing into the macroscopic plant as soon 
as conditions render this possible. In cultures of the diploid swarmers 
from the plurilocular sporangia of the sporophyte,^ therefore, a suc- 
cession of plethysmothalli may be obtained or a new sporophyte may 
be produced at an early stage. Which of the two occurs, no doubt 
depends not only on the season of the year in which the cultures are 
set up, but also, and perhaps more generally, on conditions in the 
cultures being suitable for the development of the macroscopic 
plant. 

The plethysmothallus may give rise to the sporophyte as a lateral 
outgrowth, without itself producing any reproductive organs and, 
when this is so, Sauvageau speaks of a protonema. In such instances, 
however, as always among Ectocarpales, the adult thallus is merely 
an erect branch or branches of the primary heterotrichous stage 
constituting the so-called protonema. Its mode of development does 
not differ from that found in those plethysmothalli which simul- 
taneously bear plurilocular (sometimes also unilocular) sporangia 
(fig. 47 M). Such differences appear to be fortuitous, the plethysmo- 
thallus being sterile or fertile according to circumstances, and I am 
of the opinion that no importance is to be attached to such variations. 
The diploid plethysmothallus must be regarded as a sporophyte 
(299), which remains for long periods arrested at the ectocarpoid 
stage, during which it can multiply by swarmers from plurilocular 
sporangia ; similarly, it may continue to form such swarmers on the 
primary filaments when some of its erect branches are developing 
into the macroscopic sporophyte (fig. 37 C). The succession of plants 
formed from the diploid swarmers of the plurilocular sporangia of an 
Ectocarpus siliculosus or other simple form are just as much plethysmo- 

^ Diverse more complex relations are on record (cf. e.g. (241), (246) p. 132 
regarding Protasperococcus)^ the evaluation of which is difficult, since it 
remains doubtful whether they represent a natural state of affairs. 

^ Possibly also of zygotes. For Phloeospora brachiata Mathias ((167) p. 16) 
makes it probable that the zygotes give rise within the host to endophytic 
filaments which do not grow to the surface until April. 




Fig. 47. A-E, H, Stilophora rhizodes J. G. Ag., germination of zoospores 
from unilocular sporangium ; A, embryospore ; B, first stage in germination ; 
C, formation of first septum; D, E, later stages; H, mature gametophyte. 
F, Dictyosiphon foeniculaceus (Huds.) Grev., gametophyte. G, K-M, Lito- 
siphon pusillus Harv. ; G, gametophyte (from swarmers of unilocular sporan- 
gium); K, L, different stages of germination of swarmers from plurilocular 
sporangium; M, plethysmothallus. I, Spermatochnus paradoxus Kutz., 
mature gametophyte. N, O, Phloeospora brachiata Bom.; N, zoospore; 
O, gametophyte. P, Scytosiphon Lomentaria (Lyngb.) Ag., development of 
young plants from swarmers of plurilocular sporangium. A, basal system; 
By erect system; gy gamete; Py plurilocular sporangium and gametangium; 
Uy unilocular sporangium. (F after Sauvageau; I after Papenfuss; N, O after 
Mathias ; the rest after Kylin.) 
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thalli ; but here, owing to the non-elaboration of the sporophyte, they 
are in general identical in their morphological features with the latter. 

A large proportion of the advanced Ectocarpales thus evidently 
possess a life-cycle with a heteromorphic alternation. The diploid 
phase is constituted by the elaborate thallus, which bears either 
unilocular sporangia only or plurilocular ones as well, the latter then 
being most commonly produced at an earlier stage than the former. 
The haploid phase is a small filamentous plant bearing gametangia 
only. Either phase can probably propagate for several generations by 
means of small ectocarpoid stages, the diploid one by the swarmers 
from the plurilocular sporangia which give rise to plethysmothalli, 
the haploid one by means of apogamously developing gametes which 
give rise to accessory gametophytes. The plethysmothalli are to be 
regarded as arrested (juvenile) stages of the sporophyte. In how far 
this life-cycle can be short-circuited by the fusion of swarmers from 
the unilocular sporangia remains to be seen.^ 

Where both plethysmothalli and gametophytes are known, they do 
not in general appear to differ much in their vegetative structure, and 
sometimes there is almost complete identity ((239) p. 403). This is what 
one would expect on the view above propounded that the alternation 
is derived from an isomorphic one in which the one generation (the 
sporophyte) has been elaborated, while the other has remained at the 
stage of the simple filament. Certain differences in the early stages of 
germination and in the later growth are noted by Kylin ((152) p. 27) in 
Litosiphon pusillus (cf. also (234)), as well as by Sauvageau in Punctaria 
latifolia ((239) p. 342) and Spermatochnus ((246) p. 128), but in all such 
instances the differences are not fundamental. Sauvageau (227) records 
the persistence of sterile gametophytes over long periods. 


^ Appended is a list of the species of Ectocarpales in which heteromorphic 
alternation is probable on the basis of previous considerations, (see also the 
list given on p. 130): 

Castagnea Zosterae (?) ((152) p. 57, (233)). 

Chordaria flagelliformisizzg). 

Desmotrichum undulatum (?)(i52). 

Hapterophycus canaliculatus (301). 

Leathesia difformis ((56) p. ii, (152)). 

Litosiphon pusillus (239). 

Mesogloea Leveillei (?)(239). 

Myrionema strdngulans (.^)(i53). 

Myriotrichia repens (240). 

Nemacystus flexuosus (240). 

Protasperococcus myriotrichiformis (240). 

Punctaria latifolia ((239); cf. also (286)). 

Stilophora adriatica (240). 

Probably also in other Dictyosiphonaceae, apart from Dictyosiphon Joeni- 
culaceus. 
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(c) Modified Types of Life-cycle 

It is evident that some Ectocarpales show more or less marked depar- 
tures from the type of life-cycle indicated above. In Striaria attenuata 
(153) and Dictyosiphon Chordaria ((72) p. 7), in which only unilocular 
sporangia have so far been found, the swarmers in cultures give rise 
to filamentous growths, which, after some time, produce erect 
branches that divide to form the adult thallus (fig. 35 B). Kylin ((153) 
p. 17 ; cf. also (lag) p. 87) regards these forms as diploid ones in which 
reduction in the unilocular sporangium has been suppressed and on 
the available evidence this would appear to be the only valid inter- 
pretation. In Hapterophycus Hollenberg ((301), p. 682) found evidence 
of failure of meiosis in certain of the unilocular sporangia, and this 
possibly indicates how the condition in the species under consideration 
has arisen. It is to be noted that some of their immediate allies show 
a normal alternation. 

In Dictyosiphon Chordaria Foyn succeeded in growing four suc- 
cessive generations without seeing any plurilocular sporangia. A similar 
condition seems to exist in Asperococcus compressus (194. 23s), where, 
however, rare plurilocular sporangia have also been recorded ((239) 
p. 363). Sauvageau has grown new plants from the swarmers of the 
unilocular sporangia. 

Other instances are afforded by Pylaiella rupincola (see p. 129) and 
Elachista fucicola ((154) p. 12). In E, stellarisy where the macroscopic 
plant also bears plurilocular sporangia, the swarmers from the unilocular 
ones can reproduce the plant directly. For all three Kylin advances the 
same explanation as above. 

It has long been known that the thalli of Scytosiphon^ Petalonia^ 
and Colpomenia bear plurilocular sporangia only ((239) p. 402). Fusion 
of the swarmers (fig. 44 I) has repeatedly been reported in Scytosiphon 
Lomentaria ((0 p. 333, (27) p. 407, (75), (138), (145) p. 160); KuckuckCns) 
also recorded such fusion in material of Petalonia zosterifolia from 
the Adriatic. Others ((56) p. 12, (152) p. 47, (239) p. 332) find that the 
swarmers of Scytosiphon give rise, without fusion, to a system of 
creeping filaments which -may perhaps reproduce by plurilocular 
sporangia ((239) p. 333), but more usually (fig. 34 B, C) unite to form 
a disc and regenerate a new plant. For Petalonia debilis ((239) p. 323) 
and P. Fascia ((152) p. 44) it has likewise been shown that the swarmers 
can give rise to new plants direct (fig. 34 F). According to Sauvageau 
(232) a similar development occurs in Colpomenia (cf. p. iii), while 
Kunieda and SutoCnS) record sexual fusion (cf. p. 124). 

It is difficult to reconcile the data on direct development of a new 
thallus with the records of sexual fusion between the swarmers from 
the plurilocular sporangia. They suggest that there may be several 
types of the latter, and this is supported by the recent observations 
on Colpomenia Kylin ((152) p. 46), who regards the three genera 
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under discussion as diploid forms which have lost the unilocular 
sporangia, considers the fusions that have been described as misinter- 
pretations. In this connection attention may be drawn to Reinke’s 
((194) p. 301) record of the occurrence of double zoospores 'vnPetalonia^ 
although he found no evidence of copulation. The possibility, how- 
ever, that reduction might take place during the development of 
certain of the plurilocular sporangia cannot be altogether ruled out 
(cf. also (i2s) p. 1 56). 

Much the same position exists in Giraudya (p. 124), where Sauvageau 
((231) p. 46) records a succession of plethysmothalli before the adult 
thalli reappear. Several species of Stictyosiphon too are only known to 
possess plurilocular sporangia, although unilocular ones are found in 
* 9 . adriaticus ((240) p. 160). Kuckuck ((145) p. 164) records fusion of the 
s warmers in *S. tortilisj whereas Sauvageau ((239) p. 306) observed a 
direct development into new plants in /S'. Corbierei, 

Mention must also be made of Ascocyclus orbicularisy in which direct 
development of new individuals from the product of germination of the 
swarmers of the plurilocular sporangia appears to be the rule (152, 229), 
although Sauvageau believes he has on one occasion obtained some 
evidence of sexual fusion. The recent discovery of unilocular sporangia 
(p. 60) supports the view that Ascocyclus is diploid and renders im- 
probable the opinion expressed by Parke ((187) p. 38) that this alga is 
a stage in the life-cycle of Castagnea Zosterae. 

STATUS AND CLASSIFICATION OF ECTOCARPALES 

As mentioned at the outset the delimitation of Ectocarpales here 
adopted agrees essentially with that of Oltmanns.^ The order, as thus 
circumscribed, is characterised primarily by its heterotrichy and the 
lack of true oogamy, as well as by the comparatively simple organisa- 
tion of the thallus. There can of course be no serious objection to the 
elevation of some of the families or groups of families here recognised 
to ordinal rank, but the differences between them, save in vegetative 
construction, are slight and scarcely of the nature usually accepted 
for distinguishing major systematic units. With the discovery of 
heteromorphic alternation in Dictyosiphoriy a new taxonomic feature 
became available and the separation of the Dictyosiphonaceae from 
other Ectocarpales was advocated (275). Sauvageau ((230a) p. 191), 
with more reason, later established the order Sporochnales (p. 17 1). 

Recently Kylin ((152) p. 91 ; cf. also (278)) has laid special stress on 
the features of the life-cycle in the classification of the Phaeophyceae 
as a whole, distinguishing a series Isogeneratae, with isomorphic, from 
another series Heterogeneratae, with heteromorphic alternation ; to 
the former he refers Ectocarpales (sens, limit.), Sphacelariales, Cut- 
leriales, Tilopteridales, and Dictyotales, to the latter Chordariales, 
Sporochnales, Desmarestiales, Punctariales, Dictyosiphonales, and 

^ For a brief account of earlier systems of classification, see (152) p. 89. 
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Laminariales. The Ectocarpales are restricted to those forms that 
show isomorphic alternation (Ectocarpaceae, some Myrionemataceae) ^ 
and, since they include both simple filamentous types and crust- 
forming genera, exhibit a considerable vegetative range. Chordariales, 
Punctariales, and Dictyosiphonales are distinguished only on vegeta- 
tive grounds. 

In the preceding section the view has been advanced that forms 
with heteromorphic alternation are to be regarded as derived from 
filamentous isomorphic types by divergent development of the 
two phases. If this view be accepted, a classification based on the 
life-cycle is scarcely feasible among the simpler Brown Algae. More- 
over the Punctariaceae and their allies, for example, are closely linked 
by way of such forms as Phloeospora with the simple filamentous 
types, and it scarcely appears advisable to class them in a separate 
order. All the diverse kinds of thallus-development among Ecto- 
carpales are, in fact, derivable from simple filamentous types, such 
as are illustrated by the Ectocarpaceae. On the other hand, both 
Sporochnales and Desmarestiales not only show a very marked degree 
of vegetative specialisation in different directions, but exhibit true 
oogamy which, so far as present evidence goes, is never realised in 
the Ectocarpales. Both the former are indeed as sharply characterised 
as the Cutleriales, which have long been classed as a distinct order. 

It is scarcely feasible to trace in further detail the lines of evolution 
that have resulted in the diverse types of structure met with among 
Ectocarpales. Their interrelation depends largely on their derivation 
from a common filamentous type. Two significant evolutionary 
advances were the inception of longitudinal septation, leading to the 
parenchymatous (polystichous) habit, and the substitution of apical 
for trichothallic growth which is seen in both the big series of Ecto- 
carpales (Spermatochnaceae, Dictyosiphonaceae). It is also note- 
worthy that, among the polystichous forms, there is commonly a 
tendency for the aggregation of the sporangia into sori, accompanied 
by the development of associated paraphyses which probably often 
fulfil a protective function. 

In adding an epitome of the classification here adopted, it may be 
emphasised that it is essentially one of convenience and that a larger 
number of families should no doubt be distinguished; the exact rela- 
tionships of a considerable number of the genera are, moreover, at 
present scarcely clear. 

(a) Simple and in part probably primitive forms : 

I. Ectocarpaceae: Ascocyclus, Bodanella, Ectocarpus, Gemino- 
carpus, Mikrosyphar, Phaeostroma, Pleurocladia, Pylaiella, Sorocarpus, 
Streblonema, Streblonemopsis, Zosterocarpus (?). 

^ It is suggested that some of these may be reduced Mesogloeaceae. All 
certainly do not appear to be isomorphic. Even in certain species of Ectocarpus 
there are some indications of heteromorohy (p. 128). 
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(^) Haplostichous forms : 

2. Myrionemataceae : Chilionema, Compsonema, Hecatonema, 
Heribaudiella, Lithoderma, Mesospora, Microspongium, Myrionema, 
Nemoderma, Petroderma (?), Ralfsia, Symphyocarpus. 

3. Elachistaceae : Elachista, Giraudya (?), Halothrix, Leptonema, 
Symphoricoccus . 

4. Leathesiaceae : Corynophlaea, Cylindrocarpus, Leathesia, 
Myriactula. 

5. Mesogloeaceae : Analipus (?), Bactrophora, Caepidium (?), Cas- 
tagnea (incl. Eudesme), Chordaria, Gontrania, Haplogloea, Haptero- 
phycus (?), Heterochordaria (?), Mesogloea, Myelophycus (?), Myrio- 
cladia, Myriogloea, Sphaerotrichia, Strepsithalia. 

6. Acrotrichaceae : Acrothrix. 

7. Spermatochnaceae : Chordariopsis, Halorhiza, Nemacystus, Sper- 
matochnus, Stilophora, Stilopsis. 

8. Splachnidiaceae : Splachnidium. 

(c) Polystichous forms : 

9. Punctariaceae : Corycus, Desmotrichum, Litosiphon, Omphalo- 
phyllum, Phaeosaccion, Phloeospora, Punctaria, Stictyosiphon, Xan- 
thosiphonia. 

10. Asperococcaceae : Asperococcus, Isthmoploea, Myriotrichia, 
Petalonia (Phyllitis, Ilea), Protasperococcus, Scytosiphon, Striaria. 

11. Encoeliaceae : Chnoospora, Cladochroa, Colpomenia, Hydro- 
clathrus, lyengaria, Soranthera. 

12. Dictyosiphonaceae : Coilodesme, Delamarea, Dictyosiphon, Scy- 
tothamnus. 
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Order 11. TILOPTERIDALES 

The few filamentous Algae included in this order are usually found 
in the sublittoral region, often at some depth, and so far have been 
recorded almost only from the Atlantic shores of Europe and North 
America ((28) p. 136).^ Although widely distributed, they are sporadic 
in their occurrence and are mostly found only for a brief period during 
spring ((23) p. 59). As a consequence our knowledge of Tilopteridales, 
and especially of the life-cycle, is imperfect. Certain peculiar 
features, in particular the large motionless monospores formed 
singly within a sporangium (fig. 50 B), have been given diverse 
interpretations. 

The order was created in 1855 by Thuret (29) who, recognising that 
the Ectocarpus Mertensii of Harvey ((7) pi. 132) possessed motionless 
monospores, assigned it to a new genus Tilopteris. Subsequently 
Kjellman ((10) p. 3) added a second genus Haplosporay later studied 
more fully by ReinkeCig). To this genus Bornet ((3) p. 363) referred 
Ectocarpus Vidovichii Kiitz. {E. geminatus Menegh.), although Kuckuck 
(13) subsequently placed this species in a distinct genus Heterospora. 
Bornet ((3) p. 370) also established for Ectocarpus pusillus Griff. ((7) 
ph i53» (20)) {E. ostendensis Askenasy (i) p. 785) a genus Acinetospora, 
distinguished by the production of large scarcely mobile spores from 

^ The Scaphospora (?) Kingii of Farlow ((6) p. 67) is probably a form of 
Haplospora globosa. 
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the plurilocular sporangia. Later Sauvageau (22) showed that A, piisilla 
possessed monospores, as well as unilocular sporangia, and referred it 
to the Tilopteridales. He also concluded that there were no grounds 
for the generic separation of Heterospora and Acinetospora, Since the 
latter name has priority, Heterospora Vidovichii becomes A. Vidovichii^ 
and this has been followed here. Sauvageau ((22) p. 1 17) draws attention 
to the close resemblance between Ectocarpus crinitus Carm. ((3) p. 361) 
and Acinetospora pusilla. Newton ((i6a) p. 21 1) lists it as a variety of 
the latter species. 


VEGETATIVE FEATURES 

As the precedihg paragraph shows, nearly all Tilopteridales have in 
the past been placed in the genus Ectocarpus, which is due to the 
similar habit and arrangement of the reproductive organs. The well- 
branched plants, which possess a heterotrichous habit, form tufts 
attached to diverse substrata, those of Tilopteris often occurring on 
mud-covered rocks. The prostrate system is incompletely known, but 
Sauvageau ((23) p. 74) describes a compact basal disc in Tilopteris 
(fig. 48 A) and Reinke’s data ((19) p. 108) for Haplospora indicate a 
similar condition. The erect filaments of Acinetospora (inch Hetero- 
spora) are uniseriate throughout (figs. 48 F, G ; 49 A), but in Tilopteris 
and Haplospora (fig. 48 J) the lower parts become multiseriate and in 
their regular septation recall a Sphacelaria. Growth in the Tilopteri- 
dales is, however, always intercalary (fig. 48 F), the diverse branches 
usually terminating in hairs {h) with a basal meristem {me). In 
addition to this well-marked trichothallic growth, the longer threads 
usually show other regions of active division (fig. 48 G, me ; (9) p. 106), 
as in some species of Ectocarpus (p. 54). 

The branches generally arise from the top of the parent cell, but in 
Acinetospora both they and the reproductive organs commonly grow 
out from its middle (fig. 49 D). In A, pusilla the numerous short and 
spine-like branches serve to link the filaments with one another, as well 
as with those of other algae ((2) p. 30, (3) p. 357). Rhizoids, which some- 
times show longitudinal division, often arise in some numbers from the 
lower cells. The cells contain a considerable number of chromatophores ; 
pyrenoids are only recorded in Acinetospora Vidovichii ((13) p. 295, 
(26) p. 165). 


THE REPRODUCTIVE ORGANS 

Characteristic of the order are the globose or oblong monosporan^ia, 
which are generally situated at the ends of short, often one-celled, 
laterals (figs. 48 L ; 49 A, w), although commonly sessile in Acineto- 
spora pusilla ((22) p. no). In Tilopteris, where they are usually paired, 
they occupy an intercalary position (fig. 48 B, m). As a general rule 
the entire contents are liberated as a single monospore (fig. 50 A, B), 
which is usually provided with a firm but delicate membrane. The 
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relatively wide aperture of the sporangium is in Tilopteris lateral in 
position (fig. 48 E). The cytoplasm of the spore is markedly alveolar 
(fig. 50 A, B). Division of the nucleus into four or more (up to twelve) 
parts (fig. 50 A) has in certain instances been reported before the 
liberation of the spore. Germination has frequently been observed 
((29) p. 7) and not uncommonly occurs within the sporangium (fig. 48 
C, D). 

In Tilopteris ((23) p. 81) formation of a rhizoid (fig. 48 K, r) is followed 
by the outgrowth of a thread {e) from the opposite end ; subsequently 
the body of the spore may become divided by septa in diverse directions 
(fig. 48 N, m). A similar type of germination is recorded ((19) p. 116) 
in Haplospora^ although in cultures division of the quadrinucleate spore 
into four parts, prior to the outgrowth of either rhizoids or threads, was 
observed ; Reinke regarded this as the normal method of germination, 
but this is not supported by Sauvageau’s observations. In Acinetospora 
pusilla ((22) p. 1 13), A. Vidovichii ((13) p. 298), and Tilopteris ((5) p. 14) 
a new generation producing monospores has been grown from the 
monospore. 

Plurilocular sporangia are known in all genera and are always 
accompanied by monosporangia. In Tilopteris ((3), (29) p. 6) and 
Haplospora ((19) p. 130) they are usually situated at or near the bases 
of the branches (fig. 49 E, H, p/), although in Haplospora they some- 
times constitute the entire lateral. The numerous small compartments 
of these sporangia (fig. 49 E, pi) contain only one or two chromato- 
phores and form a single series surrounding a central hollow (f) ; the 
individual compartments open separately to the exterior. The 
swarmers in Tilopteris (fig. 49 G) ((14) p. 182, (29) p. 7) are hyaline 
with a red eye-spot (^) and are stated to resemble the spermatozoids 
of Fucus ; Reinke ’s incomplete data for Haplospora ((19) p. 133) indicate 
similar features. The plurilocular sporangia of these two genera in 
fact show most, if not all, the characteristics of antheridia and, since 
Thuret's time, have generally been interpreted in this sense. 

The plurilocular sporangia of Acinetospora, on the other hand, are 
of a different nature ((3) p. 356, (26) p. 166).^ They are always terminal 
on short laterals, possess relatively few and large compartments, and 
are without a pronounced central hollow (fig. 49 D). The swarmers 

^ Those described by Hauck ((8) p. 221) for Ectocarpus geminatus {Acineto- 
spora Vidovichii) do not belong to this species. 


K, N, O, germlings from monospores. F-I, M, Acinetospora Vidovichii 
(Kutz.) Sauv. ; F, G, parts of vegetative threads; H, I, monosporangia; 
M, germinating monospore. J, Haplospora globosa Kjellm., polysiphonous 
basal part of a thread. L, Acinetospora pusilla (Griff.) Born., germling of 
monospore, with monosporangium, c, chromatophore ; e, erect thread ; h, hair ; 
m, monosporangium or monospore ; me, meristem ; r, rhizoid. (B after Bornet ; 
F, G, M after Kuckuck; H, I after Schussnig; J after Reinke; the rest after 
Sauvageau.) 




Fig. 49. A-C, Acinetospora Vidovichii (Kiitz.) Sauv. ; A, thread with mono- 
sporangia and unilocular sporangium; B, zoospore; C, almost mature uni- 
locular sporangium. D, F, A. pusilla (GrifT.) Born., pluri- and unilocular 
sporangia respectively. E, I, Haplospora globosa Kjellm. {Scaphospora 
speciosa Kjellm.); E, plurilocular sporangium (antheridium ?) ; I, part of a 
plant with plurilocular sporangia and monosporangia. G, H, J, K, Tilopteris 
Mertensii (Ag.) Thur. ; G, spermatozoids ; H, part of thread with plurilocular 
sporangium; J, K, plurilocular sporangia with larger basal compartments, 
c, chromatophore ; /, possible female gamete ; i, central cavity of plurilocular 
sporangium ; m, monosporangium ; me, meristem ; p/, plurilocular sporangium ; 
Sy stigma; m, unilocular sporangium. (D, F, H after Bornet; E after Reinke; 
I after Brebner; J, K after Dammann; the rest after Kuckuck.) 
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(fig. 49 B), which commonly behave as aplanospores, are large and 
provided with several chromatophores ((21) p. 33). They germinate 
readily ((22) p. 109) and grow into plants again bearing plurilocular 
sporangia (25). Recently Dammann ((5) p. 15 ; cf. also (3) p. 368) records 
at the base of the “antheridia** of Tilopteris (fig. 49 J,/) large, dark 
brown compartments, with abundant chromatophores, the contents 
of which are liberated (fig. 49 K) as amoeboid spores ; some of these 
grow out into short filaments, although the majority fail to germinate. 
It is possible that these large compartments are to be compared with 
those of the plurilocular sporangia of Acinetospora, although they 
occur in the same organ as produces the supposed spermatozoids. 

Unilocular sporangia, producing a number of large swarmers 
similar to those of the plurilocular sporangia ((22) p. 109), are recorded 
only in Acinetospora (fig. 49 C, F); the swarmers are devoid of an 
eye-spot. In A, pusilla they are found on the same plants as bear the 
plurilocular sporangia, whilst in A, Vidovichii ((13) p. 299) they 
apparently occur on distinct individuals; in the former species the 
zoospores have been observed to germinate within the sporangium. 

Vegetative reproduction takes place readily from fragments of the 
threads, which easily form rhizoids ((19) p. 109, (22) p. 116, (23) p. 77). 
Sauvageau ((23) p. 84; cf. also (5) p. 15) also records the formation of 
akinetes from the prostrate system and the lower polysiphonous por- 
tions of the erect threads in Tilopteris (fig. 50 C, D, a) and suggests that 
these structures constitute a means of perennation. 

THE PROBLEMS PRESENTED BY THE LIFE-CYCLE 

In Haplospora there are two kinds of individuals (19), the one producing 
monosporangia only, the other (fig. 49 I) with monosporangia and 
the above described “ antheridia The second was first recorded 
((ii) p. 29) as a separate genus Scaphospora^ (cf. also (4) p. 179), but 
since Reinke’s memoir Scaphospora speciosa Kjellm. (inch S, arctica) 
has generally been regarded as a phase of Haplospora globosa. There 
appear to be no vegetative differences between the two plants. Reinke 
established that the Haplospor a-mdiyidudX^ liberate a quadrinucleate 
monospore provided with a definite membrane (fig. 50 A), whereas 
the monosporangia of the Scaphospora-p\2iVits set free a naked uni- 
nucleate spore (fig. 50 B, m). In Haplospora the monosporangia are 
generally borne terminally on short lateral branches (fig. 50 A), whilst 
in Scaphospora ((19) p. 127) they are partly immersed in the threads 
and generally arise after a longitudinal division from half the parent- 
cell (figs. 49 I, m\ 50 B); both halves may, however, develop into 
monosporangia or the latter may be produced without division. 
Exceptionally the sporangia occupy a similar position on the Haplo- 
j:/)or^2-individuals ((19) p. 112). 

^ Capsicarpella speciosa ((lo) p. 26). 
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These facts led Reinke to conclude that there was an isomorphic 
alternation between an asexual Haplospora-iphdi'&t producing quadri- 
nucleate monospores, homologous with the tetraspores of Dictyotales, 
and a sexual Scaphospora-^h?^^ bearing oogonia and antheridia, the 
monosporangia liberating naked uninucleate spores on these indi- 
viduals being interpreted as female organs.^ Nienburg ((17); cf. also 
(5) p. 21) described synezesis and an indistini^t diakinesis stage during 
monospore-formation in Haplospora glohosa, thus affording some 



Fig. 50. A, B, Haplospora globosa Kjellm. ; A, liberation of quadrinucleate 
monospore; B, liberation of uninucleate monospores on the Scaphospora- 
individual. C, D, Tilopteris Mertensii (Ag.) Thur., formation of akinetes. 
a, akinete; c, chromatophore ; m, monospore; w, nucleus; spy sporangium. 
(A, B after Reinke; C, D after Sauvageau.) 

evidence for the occurrence of a reduction division, although the data 
for halving of the chromosome-number are scarcely satisfactory. All 
those who have studied this genus (4,11,19) report a great scarcity of 
Scaphospora-mAWidudXs ; on the shores of Heligoland, where Haplo- 
spora is frequent, Scaphospora has never been found (17). 

In Tilopteris Mertensii Reinke ((19) p. 156) observed two, four, or 
sometimes more, nuclei in monospores provided with a membrane 
and derived from plants bearing these structures only. He therefore 

^ Brebner*s ((4) p. 178) record of the presence of “antheridia”, and of 
uni- and quadrinucleate monospores on the same plant, has been regarded 
as an abnormality by various subsequent writers. 
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concluded that the individuals in question represented the asexual 
phase of this species, while the plants previously recorded by 
Thuret, which formed both monosporangia and “antheridia**, were 
regarded as constituting the sexual phase. Reinke thus assumed that 
Tilopteris showed the same isomorphic alternation as Haplospora^ 
although in the former genus there is no difference either in position 
or form between the monosporangia of the asexual plant and the 
supposed oogonia of the sexual individual; no cytological data are 
available. Kuckuck ((14) p. 181) found but few individuals of Tilopteris 
with antheridia, while the monospores in his material were always 
naked and uninucleate. 

Reinke’s hypothesis as to the nature of the life-cycle has been 
accepted by various authorities ((12) p. 178, (is), (16) p. 92, (18) p. 175), 
although there is no evidence of fertilisation, nor of any attraction of 
the spermatozoids by the naked uninucleate monospore (14). There is 
thus at present nothing to show how the diploid state is re-established ; 
yet, if the Haplospora- and Tf/op/m^-plants bearing monospores only 
are asexual and the observations as to the occurrence of reduction are 
correct, then there must be a nuclear fusion to restore the diploid 
state. A further objection lies in the absence of any parallel for the 
complete similarity between monosporangia and female organs as is 
postulated by Reinke's theory. Sauvageau also emphasises the great 
range in size of the uninucleate monospore, a feature which is very 
unusual in a sexual cell. 

Acinetosporay in which “ antheridia'’ are unknown and the mono- 
spores are always uninucleate and provided with a membrane before 
liberation ((13) p. 295, (22) p. no), does not fit into the theory at all. 
Kylin ((15) p. 306), in fact, regards this genus as having no affinity with 
the others. It must be recognised, however, that Acinetospora shows 
considerable similarities, both in structure and other respects, with the 
other two genera; much emphasis cannot be laid on the absence of 
longitudinal division. 

A somewhat different complexion has been put on the problem by 
the demonstration that Tilopteris liberates two kinds of reproductive 
cells from its plurilocular sporangia, viz. “ spermatozoids ” and others 
which resemble the units produced from the plurilocular sporangia 
recorded for the two species of Acinetospora (p. 151). The latter may 
represent female gametes^ ((5) p. 18), and further investigation may 
disclose the presence of antheridia in Acinetospora, The Tilopteridales 
would then show anisogamy comparable to that of Cutleriales. On 
this view the monosporangia, of the sexual individuals at least, would 
be relegated to the position of accessory asexual reproductive organs, 

^ Schmidt’s observation (25) that the swarmers may produce a succession 
of individuals with pluri- or unilocular sporangia, in view of the frequent 
apogamy recorded in cultures of Ectocarpales, does not speak against this 
hypothesis. 
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an interpretation which Sauvageau has maintained since 1899 (22,23). 
The fact that some individuals possess these structures only is 
paralleled by what is known of the distribution of reproductive organs 
in other series of the lower Brown Algae. 

Sauvageau regards the monospores as organs of vegetative propaga- 
tion comparable to the propagules of Sphacelariales, a view based largely 
on the structural resemblances between them and the propagules of 
Choristocarpus (p. 297). The monospores of Tilopteridales are, how- 
ever, clearly spores and the organs which produce them sporangia. 
They are better interpreted as modified unilocular sporangia ((26) 
p. 169) which, so far as present evidence goes, have altogether replaced 
the usual type in Tilopteris and Haplospora. A cytological study can 
alone shed light on these matters and settle the r61e of the unilocular 
sporangia, which are known in Acinetospora only. In this genus they 
may prove to be the seat of the reduction divisions, whilst in the other 
two, on present evidence, these would appear to take place in the 
monosporangium of the asexual individuals. Acinetospora seems to be 
the most primitive member of the order. 

In their trichothallic growth and simple filamentous habit the 
Tilopteridales appear as an offshoot of the Ectocarpales. They show 
specialisation, however, in diverse respects, viz. in the monospores, 
in the differentiated ‘‘antheridia’’, in the tendency towards a multi- 
seriate construction, and in the specialised unilocular sporangia of 
Acinetospora. On the other hand the affinity with Sphacelariales, 
which some have supported, does not appear to be based on any 
strong evidence, and such resemblances as there are are likely to be 
due to parallel development. The correspondence between the pro- 
pagules of Choristocarpus (p. 297) and the monosporangia of Tilopteri- 
dales is, however, certainly striking. The distinctive features are 
sufficiently marked to warrant regarding the Tilopteridales as an order 
allied to, but distinct from, the main body of the Ectocarpales. 

The genus Masonophycus, established by Setchell and Gardner 
((27) p. 141) and doubtfully referred to this order, is distinguished by 
the possession of tetrasporangia producing four cruciate spores. At 
present so little is known about it, that its reference to a separate 
family (24) appears premature. 

Literature of Tilopteridales 

I. Askenasy, E. ‘ Bcitrage zur Kenntnis der Gattung Ectocarpns* Bot. Zeit. 
‘-^'^>785-90, 1869. 2. See No. 33onp. 141 (Boergesen, 1926). 3. Bornet, 

E. ‘Note sur quelques Ectocarpus.' Bull. Soc. Bot. France^ 38, 353-72, 1891. 
4. Brebner, G. ‘On the classification of the Tilopteridaceae.’ Proc. Bristol 
Nat. Soc. II, 8, 176-87, 1897. 5. See No. 56 on p. 141 (Dammann, 1930). 

6. See No. 62 on p. 142 (Farlow, 1882). 7. Harvey, W. H. Phycologia 

Britannica. London, 1846-51. 8. Hauck, F. ‘ Beitrage zur Kenntnis der 

adriatischen Meeresalgen. IX.* Oesterr. Bot. Zeitschr. 28, 220-4, 1878. 
9. See No. 106 on p. 143 (Janczewski, 1875). 10. Kjellman, F. R. 



LITERATURE 


157 

‘Bidrag till kannedomen om Skandinaviens Ectocarpeer och Tilopterideer.* 
Akaci. Afhandl.y Stockholniy 1872. ii. See No. loi on p. 45 (Kjellman, 
1877). 12 . See No. 125 on p. 143 (Kniep, 1928). 13 , Kuckuck, P. 
‘Ueber Schw^rmsporenbildung bei den Tilopterideen und uber Choristo- 
carpus tenellns (Kiitz.) Zan.* Jahrh. wiss Bot. 28 , 290-322, 1895. 14 . See 

No. 145 on p. 144 (Kuckuck, 1912). 15 . Kylin, H. ‘Ueber die Entwick- 

lungsgeschichte und die systematische Stellung der Tilopterideen.* Ber. 
Deutsch. Bot. Ges. 35 , 298-310, 1917. 16 . See No. 152 on p. 144 (Kylin, 

1933). i 6 a. See No. 174a on p. 145 (Newton, 1931). 17 , Nienburg, W. 

‘ Zur Entwicklungsgeschichte der HelgolSnder Haplospora* Ber. Deutsch. 
Bot. Ges. 41 , 211-17, 1923. 18 . See No. 182 on p. 145 (Oltmanns, 1922). 

19 . Reinke, J. ‘Ein Fragment aus der Naturgeschichte der Tilopterideen.’ 
Bot. Zeit. 47 , loi et seq., 1889. 20 . Sauvageau, C. ‘Note sur VEctocarpus 

pusillus Griffiths.* 'Jowrw. de Bot. 9 , 274 et seq., 1895. 21 . See No. 218 on 

p. 146 (Sauvageau, 1897). 22. Sauvageau, C. ‘ Les Acinetospora et la 

sexualite des Tilopteridac^es.* Journ. de Bot. 13 , 107-27, 1899 (see also 
C. R. Acad. Sci. Paris, 126 , 1581-3, 1898). 23 . Sauvageau, C. ‘Sur la 

vdg^tation et la sexuality des Tilopteridales.* Bull. Stat. Biol. Arcachon, 25 , 
5 1 -94, 1 928. 24 . Schmidt, O. C. ‘ Die Masonophyceen, eine neue Familie 

der Braunalgen.* //£<izi)tgta, 77 , 5-6, 1937. 25 . Schmidt,?. ' Ueber Acineto- 

spora pusilla (Bornct) Sauvageau, etc.* Ber. Deutsch. Bot. Ges. 58 , 23-8, 1940. 
26 . ScHUSSNiG, B. ‘ Phykologischd Beitrage.* Oesterr. Bot. Zeitschr. 77 , 
161-72, 1928. 27 . Setchell, W. a. & Gardner, N. L. ‘Marine Algae 

of the Revillagigedo Islands expedition in 1925.* Proc. California Acad. 
Sci. iv, 19 , 109-2 15, 1930. 28 . See No. 279 on p. 147 (Taylor, 1937)- 

29 . Thuret, G. ‘ Recherches sur la fecundation des Fucacees et les anth^ridies 
des Algues. II.* Ann. Sci. Nat., Bot. iv, 3 , 5-28, 1855. 


Order III. CUTLERIALES 

Cutleria and Zanardinia, the only known members of this order, 
would hardly merit separation from Ectocarpales on the basis of their 
vegetative structure. The anisogamous sexual reproduction, however, 
falls little short of the oogamy of the more specialised Phaeophyceae, 
whilst the alternating generations of Cutleria imply an advance from 
isomorphic to heteromorphic alternation which is probably signi- 
ficant as an indication of specialisation. The life-cycle of Cutleria 
presents many complications, but these will be reserved for later 
discussion (p. 165) and the normal sequence will first be considered. 

The species of Cutleria ((23), (25), (37) p- 21) are annuals, occurring 
in the sublittoral region for a few months during the favourable 
period of the year. C. multifida and C. adspersa ((40) p. 67), the latter 
mainly confined to the Mediterranean, the former known also in 
northern latitudes, are found in relatively shallow water ((20 a) p. 74), 
whilst the Mediterranean C. monoica {(20), (20a) p. 115) occurs at 
depths of 20-80 metres. C. multifida (fig. 51 A) has a repeatedly 
branched band-shaped thallus, up to 20 cm. in length ; all the branches 
usually lie in one plane and terminate in tufts of assimilatory hairs (a). 
C. monoica is similar but smaller, whilst C. adspersa (fig. 5 1 I) has a 
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Fig. 51. Habits and young stages of Cutleriales. A, D, E, G, Cutleria 
multifida (Smith) Grev. ; A, mature gametophyte; D, young plant; E, early 
stage of germination of zygote; G, sporophyte (Aglaozonia-stdigQ). B, C, H, 
I, C. adspersa (Roth) De Not.; B, C, two successive stages in development 
of gametophyte; H, young sporophyte (Aglaozonia-st2igG) \ I, mature gameto- 
phyte. F, Zanardinia collaris (Ag.) Crouan, part of an old plant, showing a 
number of young ones {ad) developed adventitiously, a, free assimilatory fila- 
ments; ag, the Aglaozonia-cnxsV, c, the column of the Aglaozonia-stage; 
r, rhizoid. (A after Thuret & Bornet; B, C, H after Sauvageau; D after 
Kuckuck; E, G after Falkenberg; F after Reinke; I after Janczewski, from 
Oltmanns.) 
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lobed fan-shaped thallus bearing numerous assimilatory hairs along 
its margin. 

These plants are gametophytes bearing gametangia of two kinds 
(fig. 53 A, G), usually on distinct individuals which may show certain 
inconstant differences ((38) p. 446). C. monoicUy however, is monoe- 
cious, the two kinds of gametangia sometimes even occurring in the 
same sorus ((20), (32) p. 17; cf. (7) p. 167). The zygote develops into 
a flat encrusting thallus of considerable size, known as the Aglaozonia- 
stage (fig. 5 1 G). These crusts are apparently perennial and represent 
the resistant phase in the life-cycle ; they grow permanently submerged 
like the gametophytes and can evidently flourish at appreciable 
depths (lo). They were long regarded as species of a distinct genus, 
Aglaozonia. It is now known, however, that A. parvula (A. reptans) 
is the sporophyte of C. multifiday A. melanotdeaiz^) that of C. adspersa, 
and A, chilosa that of C. monoica. The Aglaozonia-sidigc. produces 
on its upper surface dense sori of unilocular sporangia (fig. 54 A), 
the swarmers of which reproduce the gametophyte. 

Zanardinia collaris Crouan^ ((4), (22), (23) p. 69, (24) p. 320, (25) p. 286, 
(40) p. 71), which is probably perennial, is likewise a deep-water form 
known mainly from the Mediterranean, although it is reported from 
the Azores ((3s) p. 29) and occurs as far north as the Channel Islands. 
The thallus (fig. 51 F), which takes the form of a rounded disc, 
leathery in texture and 4-20 cm. in diameter, somewhat resembles a 
shallow Peziza; older plants are often irregular in shape with parts 
of the margin worn away. The discs sometimes possess a slight stalk 
(cf. fig. 52 G) and their edge is fringed with assimilatory hairs (fig. 5 1 
F, a). The plants are either sexual or asexual, the two generations 
being alike; the sexual phase is monoecious (fig. 53 B). In both 
genera reduction occurs at the first division in the unilocular sporan- 
gium (38, 39). 


THE SEXUAL PHASE 

Although so different in outward habit, the gametophytes of both 
genera show essentially the same trichothallic mode of growth and 
the same ultimate structure (23,25). The peripheral assimilatory hairs, 
the cells of which contain abundant chromatophores, usually form 
two superposed series (fig. 52 A). At the base of each hair lies an 
intercalary meristem (fig. 52 A, B, m), giving off segments both to the 
outside and to the inside. Those cut off externally contribute to the 
lengthening of the hairs, whilst those formed below the meristem 
undergo further transverse and longitudinal septation (fig. 52 A, B, G) 
and, with some tangential enlargement, fuse to form the compact 
tissue (t) of the thallus a short distance beneath the individual 


^ This is probably the Zonaria collaris of Harvey ((loa) pi. 359). Feldmann 
((7) p. 165) considers that this species should be called Z. prototypus Nardo. 




Fig. 52. Structure of thallus in Cutleriales. A-D, G, Zanardinia collaris 
(Ag.) Crouan; A, radial longitudinal section of growing margin; B, the same 
from above; C, part of transverse section of disc, some way from growing 
margin ; D, transverse section near margin ; G, vertical section of young disc, 
somewhat diagrammatic. E, Cutleria multifida (Smith) Grev., transverse 
section of Aglaozonia-stSLge. F, H, C. adspersa (Roth) De Not., successive 
transverse sections near growing margin of gametophyte. a, assimilatory 
hair; 6r, branch; hy hair; w, meristem; r, rhizoid; r, compact thallus. (B after 
Falkenberg; E after Kuckuck; G after Reinke; the rest after Sauvageau.) 
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meristems. Uniseriate branches (fig. 52 B, br)y which arise, as in the 
trichothallic species of Ectocarpus or as in ElachistUy from the segments 
below the meristem, add to the number of assimilatory hairs and lead 
to a progressive broadening of the thallus. The branching of C. multi- 
fida is due to periodic failure of the filaments to fuse. The gameto- 
phytic thalli of Cutleriales are thus produced by congenital fusion of 
numerous distinct threads which appear as separate entities in and 
beyond the region of the meristem. 

In radial longitudinal (fig. 52 A) or transverse (fig. 52 D) sections 
through the growing margin of the disc of Zanardinia ((23) p. 71, (25) 
p. 290) the products of the two superposed sets of threads can be traced 
back for long distances into the compact thallus. The several layers 
composing the mature plant (fig. 52 C) originate from them by division 
parallel to the surface (cf. fig. 52 A). The inner segments gradually 
enlarge, while the outer undergo plentiful anticlinal division. In trans- 
verse sections through the margin of the disc (fig. 52 D) the cells are 
seen to multiply largely by crosswise division, as in many polystichous 
Ectocarpales. The structure and mode of formation of the thallus of 
Cutleria adspersa (cf. fig. 52 F, H) is almost identical ((25) p. 298). 
C. monoica differs in so far as the assimilatory threads exhibit con- 
siderable branching also above the meristem ; as a result the apical tufts 
appear relatively bulky ((32) p. 17). Attachment to the substratum is in 
both genera effected by a mass of little branched rhizoids growing out 
from the lower cells ((23) pp. 60, 69, (25) p. 290). 

Adventitious branches (fig. 51 F, ad)y recorded in both genera ((23) 
PP* ^ 3 i 7 o)> originate from surface-cells which grow out into a tuft of 
assimilatory hairs ; these soon acquire intercalary meristems and develop- 
ment proceeds in the way above described. 

A cross-section of the mature thallus (fig. 52 C) shows several layers 
of cells which only differ in the larger size of the internal ones. In 
Zanardinia the. upper surface of the disc consists of vertical rows of 
small cells (figs. 52 G; 53 B). 

The gametangia of Cutleria ((23) p. 65, (36)) are borne laterally on 
uniseriate threads which arise in tufts on both surfaces of the thallus 
and appear as irregularly scattered, dark-coloured excrescences to the 
naked eye (fig. 51 A). The threads bearing the female gametangia are 
simple or little branched (fig. 53 A), whilst those bearing the numerous 
male organs are plentifully branched (fig. 53 G), although occasional 
male gametangia may arise directly from the superficial cells. In 
Zanardinia the gametangia are situated terminally on simple threads 
that sprout out from the upper surface (fig. 53 B) and form ill-defined 
sori. 

Both types of gametangia are multiseriate ^ and set free the gametes 

^ According to Yamanouchi(38) the male gametangia of Cutleria midtifida 
have 22 tiers of 8 cells, the female 4-7 tiers of 4-8 cells; in Zanardiniaiz^) 
the male often have more than 30 tiers, each of 8 cells, while the female have 
3-9 tiers with 2-4 cells. 
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separately from each Compartment. The dark-brown female game- 
tangia have relatively few and large compartments (fig. 53 A,/), each 
of which produces a swarmer (ovum; fig. 53 F, o) with numerous 
chromatophores ; an eye-spot (5) is attached to one of the anterior 
chromatophores and at this point the two flagella are inserted. The 
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Fig. 53. Sexual reproduction in Cutleriales. A, C-G ^ Cutleria multifida 
(Smith) Grev. ; A, hairs with female, and G with male, gametangia ; C, D, 
two stages in fertilisation; E, fertilisation; F, male and female gametes. 
B, Zanardinia collaris (Ag.) Crouan, part of a sorus of gametangia in section, 
c, chromatophore ; /, female and w, male gametangium; A, hair; o, female 
and spy male gamete; 5, stigma. (A, G after Thuret & Bomet; B after 
Yamanouchi; the rest after Kuckuck.) 
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bright yellow male gametangia possess numerous small chambers, each 
liberating a minute spermatozoid (fig. 53 F, sp)y with an eye-spot {s) 
next to the point of insertion of the flagella. Kuckuck ((17) p. 15) states 
that chromatophores are lacking, but according to Yamanouchi a few 
small ones are present (cf. also (i) p. 1031). 

The female cells soon withdraw their flagella and round off (fig. 53 
C, 0), and in this condition they are fertilised by a male cell (sp) which 
penetrates at the colourless end of the female ((6) p. 424). At the time 
of fusion the nucleus of the female is in the resting condition, while 
that of the male shows 22 separate chromosomes ((38) p. 458, (39) 
p. 13). The secretion of a membrane follows and germination ensues 
almost immediately. 


THE ASEXUAL PHASE 

As above mentioned, the zygote of Zanardinia gives rise to a diploid 
asexual plant which is in other respects indistinguishable from the 
haploid phase and develops in exactly the same way ((39) p. 16). In 
CutleriUy on the other hand, the zygote gives rise to the Aglaozonia- 
stage, as was first established by Falkenberg ((6) p. 427), although the 
existence of alternation was suspected by Reinke ((23) p. 69). The 
zygote produces a short erect thread (fig. 51 E, c)y attached to the 
substratum by rhizoids (r) and later undergoing longitudinal division 
to form a club-shaped upgrowth, which not uncommonly bears an 
apical tuft of hairs (fig. 55 B, /i). This column (foot-embryo of Church 
(2) p. 86 ), however, remains small and meristematic activity soon 
becomes restricted to its base (fig. 5 1 E, ag) and results in the forma- 
tion of a parenchymatous crust (fig. 55 B, a^). This is the Aglaozonia- 
stage, which continues to grow by means of a large-celled marginal 
meristem ((17) p. 15) till it may reach the size of a human hand (fig. 51 
G, H). Attachment is effected by a number of septate, little-branched 
rhizoids (fig. 54 A, r). 

In A. parvula (figs. 52 E; 54 A) the two surfaces are bounded by 
small cells which enclose 2-3 layers of larger ones. The crusts of 
A, melanoidea ((25) p. 302) are appreciably thicker and there are several 
rows of small cells on either side. The upper surface bears tufts of hairs 
which possess the usual basal meristem and are often somewhat sunk 
(fig. 52 E). Those of A. parvula are stated ((i6) p. loi) to form linear 
groups parallel to the direction of growth of the thallus. The dark 
colour of A, melanoidea is, according to Sauvageau ((25) p. 305), due to 
tannin in the surface-cells. 

Both in Zanardinia and Cutleria (fig. 54 A, G) the unilocular 
sporangia are formed by tangential division of surface-cells and appear 
in dense sori on the upper surface. The segment, which grows out 
to form the sporangium of Cutleriay cuts off a basal cell so that the 
sorus is separated by two layers of cells (fig. 54 A) from the large 
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inner ones ((i6) p. 102); in Zanardinia there are 3-5 of these layers. 
The nucleus of the sporangium divides successively (fig. 54 E, F), 
the first divisions being meiotic (fig. 54 B-D). Cleavage ensues only 
after the full number of nuclei have been formed, and at this stage 










Fig. 54. Asexual reproduction in Cutleria multifida (Smith) Grev. A, vertical 
section of Aglaozonia-st?igey with a sorus of sporangia; B, uninucleate 
sporangial initial, formation of nuclear spindle; C, the same, synezesis; 
D, the same, diakinesis; E, quadrinucleate stage, late telophase; F, metaphase 
of third nuclear division; G, ripe sporangia, one dehisced; H, swarmer. 
c, chromatophore ; r, rhizoid; spy sporangium. (A, G, H after Kuckuck; the 
rest after Yamanouchi.) 

the numerous chromatophores are grouped about the individual 
nuclei. In Cutleria multifida usually 8 (sometimes 16 or 32) swarmers 
are produced, whilst in Zanardinia there are only 4 ((39) p. 24). 

The zoospores are liberated through an apical aperture formed by 
gelatinisation of the wall (fig. 54 A, G) and closely resemble the female 
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gametes (fig. 54 H). Both in zoospores and gametes Yamanouchi 
((39) p. 25) records a row of deeply staining granules connecting 
nucleus and plasma-membrane, the outermost granule lying at the 
point of insertion of the flagella. 

The zoospores become fixed to a substratum in the way described 
on p. 1 18. In Cutleria multifida ((16) p. 103) they give rise to an erect 
thread (fig. 55 F, e) attached by one or more branched rhizoids (r). 
The early growth of this thread is probably diffuse, but an intercalary 
meristem soon arises near its base which cuts off numerous segments 
on its lower side. These produce successive branches (fig. 55 G, br)y 
which exhibit a similar mode of growth, and, as they multiply, become 
closely apposed to one another. Later, the parts of the threads below 
the individual meristems coalesce to form a compact cylinder (fig. 55 
H, t) which bears the free threads as an apical tuft (cf. fig. 51 D). The 
primary cylinder soon branches and so the mature thallus is gradually 
established. In C. adspersa Sauvageau ((25) p. 322)^ describes a similar 
sequence, but here the cylinder widens into a funnel (fig. 51 B) which 
bears a double row of threads along its margin, a condition very nearly 
identical with that found in Zanardinia (cf. (23) p. 75, (39) p. 28). Later 
the funnel splits longitudinally (fig. 51 C) to form the mature fan- 
shaped thallus (fig. 51 I). 

THE PROBLEMS PRESENTED BY THE LIFE-CYCLE OF 
CUTLERIA ((13) p. 163) 

The life-cycle of Cutleria has mainly been investigated at Plymouth (2), 
Naples (6,23), Heligoland (16), and in the Adriatic (17). Part of the 
population no doubt follows the cycle described above, although the 
time of development and of fertility of the two generations of 
C. multifida varies with the geographical location (cf. also (13) p. 165). 
Thus, at Plymouth, Church ((2) p. 76) found the gametophyte at its 
maximum in summer (cf. also (14) p. 72) and no longer represented 
in October, whilst at Naples it occurs chiefly from December to April 
((i6);cf. also (ii)p. 21 1). The sporophyte is most abundant at Plymouth 
in October and November and becomes fertile in March and April, 
whereas at Naples ((i6) p. 98) it fructifies in the late autumn. At 
Heligoland, where the gametophyte is very rare, the Aglaozonia-stdigQ 
is fertile between June and August ((16) p. 100). In the north of 
England the sporophytic stage is frequent, although the gametophyte 
is unknown, while on the shores of Scandinavia it is much more 
abundant and more widely distributed than the latter ((12) p. 17, 
(18) p. loi, (19) p. 54). 

At Plymouth and Naples there is, thus, a certain seasonal sequence 
between the two phases, the sexual one being represented only during 
the favourable period of the year, whilst the perennial asexual phase 

^ Based on the germination of parthenogenetic ova (cf. p. 166). 
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becomes fertile a few months before the sexual one reaches its 
maximum ; these facts tend to indicate a normal alternation. Schlosser 
(34) has recently, in cultures undertaken at Naples, grown fertile 
Aglaozonia-^hiViXs?^ from the zygotes, while Sauvageau (30) has obtained 
recognisable sexual plants from the zoospores of the Aglaozonia-stdigQ, 

Parthenogenetic development of the female cells has frequently 
been recorded. Germination is rather slow and the products are 
diverse; sometimes they resemble young CutleriaSy sometimes they 
are more like Aglaozonias, and sometimes they are of an intermediate 
or rudimentary character. A similar diversity has also occasionally 
been encountered in the products of germination of Aglaozonia- 
zoospores. 

In Cutleria multifida Reinke ((23) p. 67) and Falkenberg ((6) p. 423) 
observed sexual fusion only and unfertilised ova failed to exhibit any 
further development. On the other hand, Thuret ((36) p. 242 ; cf. also 
(37) p. 22) and Church ((2) p. 82) record parthenogenetic development 
only, and both state that in the habitats studied the female plants were 
in the great majority. The germination-stages obtained by these two 
investigators were, however, fundamentally different, those of Thuret 
(from the English Channel) apparently resembling the young fila- 
mentous stages of CutleriUy whilst those of Church were young Aglao- 
zonias (cf. also (17), (25) p. 347). Parthenogenetic development is also 
recorded by Crouan (3) from Brest and by Derbes and Solier ((5) p. 60) 
from Marseilles. It has likewise been observed in Zanardinia ((39) 
p. 17), although only early stages of germination were obtained. 

Comparable data are available for Cutleria adspersa. The male and 
female gametophytes are widely distributed and equally common in 
the Mediterranean, although the corresponding Aglaozonia-stsige has 
been found only in one or two localities ((25) p. 354). Janczewski 
((11) p. 212) found that the female cells germinated only after fertilisation 
and that they gave rise to young Aglaozonia-stagQs. Sauvageau, on the 
other hand, both in the Mediterranean (29) and in the Bay of Biscay 
((25) p. 312), where male plants are more abundant than female, failed 
to obtain sexual fusion; the ova in his cultures, however, likewise 
developed into recognisable Aglaozonia-stages ((25) p. 335). The 
numerous germlings found on the mature thalli of the gametophyte in 
nature (cf. also (31)) were partly Aglaozonias and partly young Cutlerias 
(bg* 55 G), while a few were of the filamentous type to be described 
below (“forma Church”). Sauvageau concludes that all these had 
probably developed without sexual fusion, although the possibility of 
some being derived from fertilised ova is discussed. 

The faculty of the female cells to develop apogamously clearly varies. 
Schlosser (34) was able to stimulate unfertilised ova to further develop- 
ment by treatment with various chemicals and by centrifuging; the 
resulting plants produced oogonia. If strong centrifugal force was 
applied during the first division of such ova, sterile Aglaozonia-stsiges 


^ The species is not stated. 
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resulted ; these are suspected of being diploid, but for this there is at 
present no cytological proof. 

Church ((2) p. 89) found that many of the zoospores of the Aglaozonia- 
stages of C. multifida developed into branched upright filaments, 
longitudinally divided in their lower part and bearing antheridia, a form 
already encountered by Kuckuck ((is) p. 251) and described by him as 
var. confervoides. It is strange, in view of the scarcity of male plants at 
Plymouth, that Church obtained only antheridia in these cultural forms. 
This may indicate a dimorphism of the two sexes under certain condi- 
tions in nature (cf. also (13) pp. 166, 178). In some of Church’s fila- 
mentous stages (fig. 55 I) the lower part broadened into a small 
Aglaozonia {ag) and such germlings are usually described as the “ forma 
Church” ((25) p. 329). Kuckuck (16) at Heligoland obtained from 
Aglaozonia-zoospotts recognisable female Cw^/ma-plants, as well as 
the confervoid type and the “forma Church”, in this instance with 
oogonia (fig. 55 I,/). The zoospores of A. melanoidea (27,30) afford in 
cultures mainly filamentous Cw^/ma-stages, but also a few Aglaozonia- 
forms, while those of A. chilosa have produced confervoid stages with 
oogonia, as well as the “forma Church” (33). 

The considerable diversity in the products of germination of 
parthenogenetic ova and zoospores is not easily elucidated. The 
filamentous forms obtained by Church and others from zoospores 
may well be cultural stages of the normal dioecious gametophyte ; they 
recall the precociously fertile sporophytic stages met with in diverse 
Ectocarpales under conditions of culture. On the other hand par- 
thenogenetic ova produce not only fresh gametophytes,^ but evidently 
rather more frequently Aglaozonia-stdigQS which must presumably be 
haploid. Zoospores can seemingly also produce such stages, which 
then arise as a vegetative outgrowth from the base of the primary 
filament (“forma Church fig. 55 I); this likewise suggests the 
existence of haploid ^^/^o^'owfa-individuals. The probable occurrence 
of many haploid Aglaozonias in nature, presumably originating in the 
first place by apogamous development of female cells, has been 
strengthened by Sauvageau's observations ((32) p. 21) on Cutleria 
monoica. An apogamously produced plant of Aglaozonia chilosa was 
observed to give rise (fig. 55 E) by vegetative proliferation to new 
Cwf/^na-plants {g). 

A survey of the facts ((41) p. 406) indicates that, side by side with 
a normal alternation, there is in many regions extensive apogamous 
development of the female cells, which results for the most part in the 
production of haploid Aglaozonia-mdiwiduzh. In diverse localities, in 
fact, it would appear as though the majority of these stages may be 
haploid and that these possibly propagate themselves indefinitely by 
haploid zoospores. At the same time, however, the female cells and 
the swarmers of the haploid Aglaozonias can evidently also give rise 

^ Since the Aglaozonia-stage of C. adspersa is rare in the Mediterranean, 
a direct multiplication of this species by parthenogenetic ova is possible. 




^ig. 55. Diverse developmental stages of Cutleriales. A, C, Cutleria adspersa 
Roth) De Not.; B, D, F-I, C. multifida (Smith) Grev. ; E, C. monoica Olliv. 
V, I, the “forma Church ”,^in I with oogonia (/); B, D, young Aglaozonia- 
tages; C, forma Thuret (early stage of gametophy te) ; E, production of 
fametophyte from Aglaozonia-stage; F— H, early stages in development of 
[ametophyte. agy Aglaozonia-stag&\ br^ branch; c, column of Aglaozonia- 
tage; erect thread; g, gametophyte; hy hair; w, meristem; r, rhizoid; 

, compact region of thallus. (D, F-I after Kuckuck ; the rest after Sauvageau.) 
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to sexual plants. The actual state of affairs can probably only be 
settled by an extensive cytological study of Aglaozonias in different 
regions. How far the production of CM//m<2-stages from haploid 
Aglaozonia-^hinX.^ by vegetative means is a widely distributed pheno- 
menon, as Sauvageau ((32) p. 25, (33)) evidently believes, remains to 
be seen. 


THE AFFINITIES OF CUTLERIALES 

The mode of development of the thallus in Cutleriales shows analogies 
with that seen in Elachistaceae (p. 68). In view, however, of the 
probable simple filamentous nature of the gametophyte in the latter, 
the resemblance in vegetative features is unlikely to imply any close 
affinity. So far as present evidence goes, the Cutleriales must be 
regarded as a direct development from the primitive heterotrichous 
ectocarpoid stock with its trichothallic growth, isomorphic alterna- 
tion, and marked tendency towards oogamy (p. 122). Sauvageau 
((25) pp. 306, 356, (26)), laying special stress on the Aglaozonia-sX.2igQ 
which presents many points of resemblance to certain Zonarias 
(p. 308), believes in an affinity with Dictyotales. 

There can be little doubt that alternation in this order is primarily 
isomorphic ((8) p. 245,(41)). The appearance of an Aglaozonia-crnsi as a 
basal outgrowth from a gametophytic filament in the “ forma Church 
(fig. 55 I), usually after the latter has undergone longitudinal septation 
in its lower part, suggests that the column of the normal Aglaozofiia 
is an arrested and sterile structure, homologous with the Cutleria- 
thallus. Sauvageau ((25) p. 330) has, in fact, pointed out that in the 
“forma Church’’ the Cw^/ma-threads are often borne at the apex of 
a short, but evident column. The typical sporophyte shows a clear 
derivation from a heterotrichous ancestry, the column representing 
the erect, the crust the prostrate system. The fact that the latter is 
here formed secondarily does not appear to be of significance. The 
gametophyte, on the other hand, shows no trace of heterotrichy. It 
is possibly this dominance of the erect system that leads also in 
Aglaozonia to the primary formation of an upright growth. It is to 
be noted that the two generations of Zanardinia and the Cutleria- 
gametophyte exhibit the trichothallic growth characteristic of many 
of the specialised members of Ectocarpales (cf. also Sporochnales), 
whereas the Aglaozonia-crnsts show the marginal (apical) growth 
which is invariably met with in the prostrate system. 

The instances discovered by Sauvageau, in which new Cutleria- 
plants arise vegetatively from the Aglaozonia-st2igt of C. monoica 
(cf. fig. 55 E), illustrate the presence of both parts of the heterotrichous 
system in what is to all intents and purposes a single individual. They 
possibly afford a picture of the ancestral condition when the alterna- 
tion in Cutleria was an isomorphic one between two heterotrichous 
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individuals, neither system of which necessarily showed the specialisa- 
tion seen in the present-day forms. In the course of further evolution 
the sexual individual lost the prostrate and the asexual one the upright 
system, except for the relic preserved in the shape of the column. 

Such an interpretation explains inter alia the frequent association 
of gametophytic threads bearing sex organs with a prostrate Aglao- 
zonia-cTust (“forma Church fig. 55 I). This condition is evidently 
not confined only to the precociously fertile gametophytic stages, 
since, according to Gran (( 9 ) p. 25), Aglaozonia~si2LgQ^ can arise from 
young Cutlerias which already show definite coalescence of threads. 
The view that the heteromorphic alternation of Cutleria is derived 
from an isomorphic one accords with the occurrence of strict iso- 
morphic alternation in Zanardinia. Young plants of the latter show 
many resemblances to the early stages of development of C. adspersa 
((25) p. 289). 

Oltmanns ((21) p. 120) looks upon the Aglaozonia-^tdigc as a new 
structure originating from the base of the Cw^/ma-plant and to which 
the production of unilocular sporangia was gradually relegated. This 
necessitates the assumption that at one time asexual organs were borne 
upon the Cw^/ma-plant itself ; since they occur on identical individuals 
in Zanardinia^ this is quite plausible. The Cutleriales are, however, 
clearly related to the Ectocarpales with their marked heterotrichy, and 
it seems far more likely that the Aglaozonia-sX?igQ represents a further 
development of an ancestral prostrate system than that it is a new 
structure. An elaborate development of the prostrate system at the 
expense of the upright one is well shown also in other series of Phaeo- 
phyceae (cf. Sphacelariales, p. 281). 
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Orderly. SPOROCHNALES 

The members of this order (i) are distinguished by the possession of 
highly organised sporophytes which bear unilocular sporangia only. 
Their zoospores give rise to minute ectocarpoid gametophytes bearing 
antheridia and oogonia (15-17). Although sexual fusion has not yet 
been observed, its occurrence in nature can scarcely be doubted, 
especially in regions favourable to the development of these plants. 
The Sporochnales thus show heteromorphic alternation combined 
with oogamy and this, no less than the peculiar characteristics of the 
sporophyte, warrant their being regarded as a distinct order. The few 
genera, included in the single family Sporochnaceae, apparently have 
their chief centre of distribution in the Southern Hemisphere, 
although a number of species are widely distributed in warmer seas ; 
Sporochnus pedunculatus (fig. 56 A) and Carpomitra costata (Stackh.) 
Batt. (C. Cabrerae Kiitz. ; fig. 56 D) are rare British seaweeds. 

Bellotia, Encyothalia, and Perithalia are known only from Australia 
and the adjacent islands, and this is true also of a considerable number 
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of the species of the other genera. A few species of Nereia occur in the 
Mediterranean and on the west coast of Africa, while those of Carpo- 
mitra are found on the western shores of Europe, on the Pacific coast 



Fig. 56. Habits of Sporochnales. A, F, Sporochnus pedunculatus (Huds.) Ag. ; 
A, part of a plant; F, fertile lateral. B, Bellotia eriophorum Harv., part of a 
fertile plant. C, Nereia filiformis (J. Ag.) Zanard. D, E, Carpomitra costata 
(Stackh.) Batt. ; D, small part of thallus; E, fertile tip enlarged, assimilatory 
threads; aXy principal axis; rriy midrib; r (in E), annular swelling above sorus; 
Sy sorus. (A, photo: R. Cullen; B after Harvey; C after Kiitzing; D, E after 
Sauvageau; F after Kjellman.) 

of North America, in South Africa, and Australasia. Sporochnus is 
represented in the Australian seas and on the west coasts of Europe, 
S. pedunculatus occurring as far north as Scandinavia. Certain species 
found in the Northern Hemisphere possibly owe their presence there 
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to transport on ships* bottoms. All Sporochnaceae tend to grow below 
low- tide level, often in deeper water. 

THE SPOROPHYTE 

The members of this order are moderately large seaweeds, charac- 
terised by the fact that the apices of all the branches of a growing 
plant are crowned by a tuft of free, unbranched assimilatory hairs 
(figs. 56 B, D, E ; 57, a). Each of these lengthens with the help of a 
basal or suprabasal meristem, but these meristems take no part in the 
growth of the actual thallus below. Sporochnus pedunculatus ((4) pi. 56, 
(19) p. 35; fig. 56 A) is a short-lived annual ((10) p. 71 ; (n) p. 444), 
with well-branched cylindrical axes, up to 45 cm. in length and bearing 
numerous branchlets of limited growth, each of which terminates in 
such a tuft of hairs (fig. 56 F). 

Encyothalia ((6) pi. 62, (9) p. 238) has a similar habit. Nereia 
filiformis ((3) p. 57, (19) p. 67; fig. 56 C) is less richly branched; the 
laterals of limited growth are here not always so clearly defined, while 
the apical tufts of hairs are particularly strongly developed. In 
Bellotia eriophorum ((5), (6) pi. 69, (7) p. 288, (9) p. 238; fig. 56 B), 
recorded from New Holland and Tasmania, the elongate laterals of 
limited growth arise in whorls. A rather different habit is seen in 
Carpomitra costata ((4) pi. 14; fig. 56 D), in which all the branches of 
the irregularly dichotomous thallus are flattened and provided with 
a broad midrib {m) ; there are no laterals of limited growth. 

The various genera are specially distinguished by the positions of 
the sori. In Nereia these show no very definite location and are not 
always conspicuous, although they tend to develop on or near the 
shorter branches ((12) p. 77). The sori of Bellotia (fig. 56 B, s) and 
Encyothalia constitute swollen regions in the middle of the laterals. 
In Sporochnus ((8) p. 137) they likewise develop on the laterals, 
occupying a longer or shorter stretch just beneath the tuft of assimi- 
latory hairs so that such fertile laterals appear as stalked pear-shaped 
structures (fig. 56 F, s). The sori of Carpomitra (fig. 56 E, ^), lastly, 
are differentiated at the tips of the branches beneath the apical hairs, 
from which they are separated by an annular swelling (r) ((14) p. 147). 

Longitudinal sections (fig. 57) of the mature thalli appear to show 
considerable uniformity. They exhibit a number of longitudinal rows 
of cells which in Carpomitra are sometimes slightly twisted ((14) p. 169) ; 
the central cells (fig. 57, mr) are elongate and colourless, while the 
peripheral ones (c) are shorter and packed with discoid chromato- 
phores. In Nereia (fig. 57 A) the surface-layer bears densely aggre- 
gated 2-3 -celled paraphyses (p), but in the other genera similar out- 
growths are only produced in the fertile regions. The mature thallus 
is formed from a horizontal meristem (w) which lies beneath the tuft 
of assimilatory hairs (a). Its mode of origin will be best understood 
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from a description of the early stages in development which are 
known only for the European genera ((12), (13) p. 46, (14), (17)). 

The young plants, produced from the gametophytes, at first consist 
of a simple erect thread with diffuse growth, the proembryo of 
Sauvageau ((14) p. 157; fig. 58 F, H, K, e); this is anchored to the 
substratum by rhizoids (r). The proembryo soon becomes differenti- 
ated into three regions. The lower part, comprising a row of often 
narrower cells, constitutes a pedicel which in Carpomitra is of some 



Fig. 57. Structure of Sporochnales. A, Nereia filiformis (J. Ag.) Zanard., 
longitudinal section of growing region of practically mature plant (after 
Kuckuck). B, Carpomitra costata (Stackh.) Batt., longitudinal section through 
apex, diagrammatic (after Sauvageau). fl, assimilatory thread; 6, meristem 
of same; c, cortex; initial cell of wing of thallus; m, meristem of thallus; 
mr, medullary threads (midrib in B); />, paraphyses; r (in B), annular swelling; 
zf, wing. 

length (fig. 58 I, />), although relatively short in Nereia (fig. 58 A-Cyp ) ; 
this region plays no further part in the development of the mature 
thallus. The upper part differentiates a basal meristem {me) and con- 
stitutes the first hair of the future tuft (a, aim fig. 58 A-C, I, J). The 
single flat cell (fig. 58 I, w), situated between these two regions, is 
destined to give rise to the meristem from which the mature thallus 
is produced. 

The cell in question (fig. 58 A-C, J, biyb 2 ) undergoes longitudinal 
division in various planes to form a progressively broadening meri- 
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Fig. 58. Development of the thallus in Sporochnales. A-D, G, Nereia 
filiformis (J. Ag.) Zanard. (after Kuckuck); A-C, three germlings; D, two 
older plants, showing commencing formation of downgrowing threads; G, 
older plant with rhizoids. E, F, H-L, Carpomitra costata (Stackh.) Batt. (after 
Sauvageau) ; E, L, formation of downgrowing threads ; F, H, K, diverse young 
proembryos attached to the gametophyte; I, J, parts of two proembryos 
showing formation of the meristem. a, a a etc., assimilatory threads; h 
h 2y cells formed by septation of primary meristematic cell ; downwardly 
growing threads; e, proembryo; g, gametophyte; m, meristematic plate of 
thallus; mey meristem of assimilatory hair; />, pedicel; r, rhizoid. 
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stematic plate (cf. figs. 58 D, G; 57 A, m). Both before and during 
the septation of the primary meristematic cell, successive pro- 
tuberances arise on the upper side and gradually develop into further 
assimilatory hairs (fig. 58 A, B, a 2 y «j); the later ones originate from 
the individual units of the meristem as it broadens. Each cell of the 
meristem also gives rise on its lower side to an outgrowth (fig. 58 D, 
E, L, d), which lengthens into a downwardly growing multicellular 
thread. The individual threads thus produced coalesce to form a 
multicellular pseudo-parenchymatous body (fig. 58 G), which is the 
beginning of the future thallus and is intercalated (fig. 58 L) between 
the pedicel {p) and the apical tuft {a). Church ((2) p. 39) quite un- 
warrantably speaks of a parenchymatous organisation. 

It is not altogether clear how long the addition of further threads 
from the margin of the meristem continues. According to Sauvageau 
((14) p. 17 1) only a limited number are produced in Carpomitray and 
further widening of the thallus takes place by periclinal divisions in the 
threads, accompanied by a corresponding division in the cells of the 
meristem. Continued lengthening of the rows of cells thus produced is 
effected by horizontal division of the meristematic cells. The pedicel 
undergoes no further change and merely serves to raise the embryo 
above the substratum. Sooner or later the cells at the base of the young 
thallus grow out into bifurcating rhizoids (fig. 58 G, r) which gradually 
hide the pedicel and spread out upon the substratum. 

According to Sauvageau ((14) p. 179) only the midrib of Carpomitra 
(fig. 57 B, mr) arises in this way, the wings (ec) being formed by peri- 
clinal division of the segments of an initial cell (t), recognisable just 
below the meristem (m) and regarded as a reflexed marginal cell of the 
latter. Another distinctive feature of this genus lies in the development, 
from the margin of the meristem, of a horizontal tuft of coalesced 
threads with enlarged distal cells (fig. 57 B, r),that ultimately gives rise 
to the marked annular swelling situated just below the apical tuft 
(fig. 56 E, r). 

Few details are available as to the mode of formation of the branches. 
Judging by a figure given by Kuckuck ((12) p. 76) for Nereiay it would 
seem that branches arise by cessation of division in a part of the meri- 
stem, the two portions thus segregated developing respectively as a 
continuation of the main axis and as a branch. 

In the richly branched genera the numerous groups of assimilatory 
hairs must constitute an important photosynthetic system, and it is 
significant that, in Carpomitra and SporochnuSy the sori are located in 
their immediate neighbourhood. These tufts of threads, so similar to 
those found in Elachista and in Cutleriales, here play no part at all in 
the growth of the thallus, which is produced entirely from the 
separate meristem arising from an intermediate cell of the proembryo. 
It is indeed difficult to find a parallel among other Brown Algae for 
the peculiar mode of thallus-development obtaining in the Sporor 
chnales. 
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The position of the sori has already been mentioned. In Nereia 
((12) p. 77) the small sporangia (fig. 59 A, u) arise either from the 
peripheral cells that bear the paraphyses (/>) or from the basal cells of 
the latter; the dilated end-cells of the paraphyses form a protective 
covering. In the remaining genera the sporangia are borne on special 
fertile threads that grow out from the surface-cells only in the region 
of the sori. The fertile threads of Sporochnus (fig. 59 B) and Carpo-- 
mitra (fig. 59 G) are branched, with enlarged terminal cells, and bear 
the several sporangia (u) laterally. Those of Bellotia are elongate and 
often unbranched. The sporangia open by a broad apical rupture 
(fig. 59 B, G, d). The zoospores appear to be of the usual pattern 
(fig. 59 J) ; Sauvageau describes those of Carpomitra as having a single 
posterior chromatophore provided with an eye-spot. 

THE GAMETOPHYTE 

The gametophytes of Carpomitra {1^,15) were discovered in 1926 by 
Sauvageau; a year later he described those of Nereia filiformis{i 6 , \y)y 
and subsequently also those of Sporochnus pedunculatus ((18) p. 122), 
although of the last only sterile prothalli have so far been found. 
Germination of the zoospores (fig. 59 E) takes place in the way 
described on p. 118, the contents of the embryospore passing into a 
protuberance which divides further to form the gametophyte. In 
Carpomitra and Sporochnus the cells of the resulting prothalli each 
possess only a single parietal much dissected chromatophore (fig. 59 F), 
which contrasts with the numerous discoid chromatophores found in 
those of the sporophyte. 

The prothalli are always ectocarpoid in form (fig. 59 C) ; those of 
Nereia are usually dioecious, while those of Carpomitra (fig. 59 I) are 
monoecious. In the latter the antheridia {an) are one-celled and 
generally form terminal clusters on the ultimate branches. The well- 
branched male prothalli of Nereia (fig. 59 D) bear the numerous small, 
conical antheridia {an) in a lateral or terminal position upon the 
upper cells ; the antheridia are here two-celled and each compartment 
opens separately to the exterior. In both genera the male organs are 
colourless and composed of uninucleate cells. There can be little 
doubt that each cell forms a single spermatozoid, although these have 
not so far been observed. 

The female organs, which give rise to the proembryos by transverse 
division, are in Carpomitra enlarged terminal cells of elongate laterals 
(fig. 59 I,/); in Nereia they occupy the apices of the unbranched 
female prothalli (fig. 59 H). So far only apogamous development of 
the female cells, without liberation of an ovum, has been observed. 
In view of the production of numerous antheridia from which the 
contents are liberated, it is probable that fertilisation sometimes occurs 
in nature. On the other hand, as Sauvageau ((14) p. 185) points out. 
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Fig. 59. Reproduction of Sporochnales. A, D, H, Nereia filiformis (J. Ag.) 
Zanard. ; A, longitudinal section of part of thallus, with sorus ; D, young male 
gametophyte ; H, female gamefophyte, with proembryo (pe). B, J, Sporochnus 
pedunculatus (Huds.) Ag.; B, sporangium-bearing thread; J, zoospore. 
C, E~G, I, Carpomitra costata (Stackh.) Batt. ; C, diagrammatic representation 
of gametophyte; E, germinating spores; F, two cells of the gametophyte; 
G, sporangium-bearing thread; I, part of prothallus, with male and female 
branches, ariy antheridium; c, chromatophore ; d, dehisced sporangium; 
/, female cell(.?); />, paraphyses ; fp, spore; 1/, unilocular sporangium. (A after 
Kuckuck; B after Kjellman; J after Johpson; the rest after Sauvageau.) 
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it is possible that the inflated terminal cells are not actually oogonia, 
but merely cells of the gametophyte giving rise vegetatively to a new 
sporophyte. The numerous antheridia, which are evidently functional, 
would be difficult to explain if this were so. The single chromatophore 
of Carpomitra gradually breaks up into numerous discs as the 
proembryo develops. 

AFFINITIES OF THE SPOROCHNALES 

The Sporochnales constitute a highly specialised group of uncertain 
affinity. As regards the characters of the sporophyte they stand 
altogether isolated, while the gametophytes show resemblances to 
those of Desmarestiales and Laminariales. The unicellular antheridia 
of Carpomitra, with their colourless contents, are remarkably like 
those of the latter order, and there is also similarity in the position of 
the supposed oogonia. The two-celled antheridia of Nereia possibly 
indicate a stage in reduction from the plurilocular type. It is signi- 
ficant of the specialisation of the sporophyte that all indications of 
heterotrichy have disappeared. 

Berthold ((13) p. 48) assumed a relationship with Mesogloeaceae, 
whilst Oltmanns refers especially to Myriogloea (p. 85). It is difficult 
to detect any real affinity with either, since the mode' of formation 
of the thallus in Sporochnales is quite unique. A certain intercalary 
cell of the erect filamentous proembryo divides to form the horizontal 
meristem from which the mature thallus arises as a system of down- 
wardly growing threads. This to some extent recalls the condition in 
Desmarestia, where the bulk of the thallus is produced from down- 
wardly growing cortical threads, although these here arise at diverse 
points along the uniseriate main axis. The analogy is heightened in 
certain instances observed by Sauvageau ((14) p. 167) in Carpomitra, 
in which more than one transverse meristem arises in the course of 
a proembryonal thread. 
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Order V. DESMARESTIALES 

The three genera included in this order possess sporophytes showing 
considerable anatomical specialisation. Desmarestia is a widely distri- 
buted lithophyte in the colder seas of both hemispheres. The common 
British species, D, viridis (Miill.) Lamour. ((9) pi. 312) and D, 
aculeata (L.) Lamour. ((9) pL 49; fig. 60 A), occur on the Atlantic 
shores of Europe and North America, extending north to Greenland 
((a6) p. 857), although they are absent from the Mediterranean. The 
genus is well represented on the western shores of North America 
(from Behring Island to Southern California), and Setchell and 
Gardner ((3O p. 245, (32) p. 559) distinguish a considerable number of 
species, of which only D, ligulata ((9) pi. 115 ; fig. 60 C) is also re- 
corded from the Atlantic.^ Another group of species, in part with 
large thalli, occur in the Antarctic ((5) p. 149, (8) p. 36, (24) p. 182, 
(33) p. 16), while the monotypic Phaeurus is known only from the 
latter region. Arthrocladia^ with the single species A, villosa ((9) pi. 64 ; 
fig. 60 D), is found on most European shores (inch the Mediterranean), 
as well as on the Atlantic coasts of North America. The Desmares- 
tiales, though sometimes found near low-tide level, usually inhabit 
the sublittoral region ((2) p. 767, (h) p. 262, (19) p. 73, UO p. 384), often 
extending to some depth ; in the Antarctic they play a dominant role 
in the sublittoral vegetation ((24), (33) p. 255), the most conspicuous 
species being D, compressa and D, anceps Mont. 

Arthrocladia, as well as certain Desmarestias {D, viridiSy D, ligulata)^ 
are annuals, but other species of the latter survive for more than one 
year. Thus, in the European D, aculeata (fig. 60 A) the older portions 
of the thalli persist through the winter and give rise to numerous 
fresh shoots in the early part of the next season ((23) p. 175, (35) p. 7). 
The plants always bear unilocular sporangia only,^ and the zoospores 
of D, aculeata have been shown (30) to give rise to minute filamentous 
prothalli producing oogonia and antheridia (fig. 62 J, K) and closely 
resembling those of Laminariales. The zoospores of Arthrocladia (28) 
also develop into ectocarpoid growths, but these have so far exhibited 
only an apogamous production of sporophytes. 

^ Also reported from New Zealand ((lo) p. 217). 

* The plurilocular sporangia recorded by Okamura ((20) pi. 38) in Desma- 
restia tabacoides are probably a result of confusion with an epiphyte (cf. (22) 

p. 325). 




Fig. 6o. Habits of Desmarestiales. A, B, E, F, Desmarestia aculeata (L.) 
Lamour.; B, origin of new shoots (n) on last year’s plant; E, small part 
showing the laterals (/) of limited growth; F, winter condition. C, D. ligulata 
Lamour., part of a plant. D, Arthrocladia villosa (Huds.) Duby. (B after 
Sdderstrom; E after Newton; F after Taylor; the rest photos: R. Cullen.) 



DESMARESTIALES 


182 


STRUCTURE OF THE SPOROPHYTE 

The species of Desmarestia are usually richly branched plants of 
appreciable dimensions. Thus, D. aculeata (fig. 60 A) may reach a 
length of 2 metres, although the annual D. viridis is smaller. The 
Antarctic D, compressa Reinsch may grow to 3 metres ((34) p. 19), 
D. anceps to 4 metres with an attaching disc up to 20 cm. in diameter 
((8) p. 40), while the Pacific D. herbacea reaches 2J metres ((32) p. 567). 
Arthrocladia is smaller, though it may be nearly a metre in length. 

In a number of species of Desmarestia the diverse branches of the 
thallus are narrow and subcylindrical,^ although the principal axes 
appear always to show some flattening (cf. fig. 61 D). In the so-called 
ligulate species (Z). ligulata, fig. 60 C; D. herbacea) this flattening is 
more pronounced, and most of the branches are developed as leafy 
expanses with dentate margins and often with more or less clearly 
marked midribs ; there is, however, always a short cylindrical portion 
at the base of the whole plant and at the base of each branch. 

All the branching generally takes place in one plane and the longer 
laterals are commonly arranged in opposite pairs (fig. 60 C, left); 
D. aculeata (fig. 60 E), however, shows alternate branching ((35) p. 4). 
A characteristic feature of the growing plants, both in Desmarestia and 
Arthrocladia^ is the presence of numerous, richly branched laterals of 
limited growth, appearing as short feathery tufts to the naked eye. 
These are distichously arranged in Desmarestia (fig. 60 E, /) and 
whorled in Arthrocladia (fig. 60 D). In Phaeurus ((34) p. 24) these 
laterals are coarse, unbranched structures forming a dense and 
relatively persistent covering to the longer axes. The thalli are usually 
attached by a broad discoid holdfast. 

The general plan of construction of the thallus is similar in 
Arthrocladia ((7) p. 224, (28)) and Desmarestia ((13), (22), (25) p. 142, (35)). 
Transverse (fig. 61 D, E) or longitudinal (fig. 61 B, C) sections 
through any part of the plant show an axial series of large and much 
elongated cells {a) which, in the older regions of a Desmarestia, have 
thick walls. In the mature parts these axial cells are surrounded by a 
broad cortical envelope {co) exhibiting differentiation into a few 
layers of small peripheral cells (/>), packed with lenticular chromato- 
phores (fig. 62 A, c), and a wider inner region ; its large cells (fig. 61 B, 
D, co) contain few or no chromatophores and are elongate with blunt, 
tapering ends. Interspersed in the cortex of Desmarestia are more or 
less numerous smaller cells (fig. 61 D, hy), which belong to hyphae 
produced from the inner cortical elements (fig. 61 J, hy), while the 
cells of the axial cylinder sooner or later become enveloped by a 
special internal system (fig. 61 B, D, as) composed of several layers of 

^ This cannot be deemed a sufficient reason for placing them in a separate 
genus ((29) p. 215). 




Fig. 6i. Structure of Desmarestiales. A, B, D, F-H, J-O, Desmaresti 
aculeata (L.) Lamour. ; A, apex of a growing thallus; B, longitudinal sectio 
of mature region showing axial cells and internal tissue ; D, transverse sectio 
of mature thallus; F, formation of downgrowing branch from axial cel 
G, part of wall of axial cell with pits; H, development of hyphae from cells c 
internal system; J, development of hyphae; K-N, transverse sections i 
successive levels behind the meristem to show development of the cortej 
O, axial cell in transverse section, with surrounding tissue. C, I, D. ligulat 
Lamour.; C, part of longitudinal section of young lateral branch; I, apex of 
growing branch. E, Arthrocladia villosa (Huds.) Duby, transverse section < 
older part, a, axial cell; aSy internal system; bty branch; c, primary cells < 
cortex; cOy cortex; e, envelope of cortical cells; hy hair-like tip of thallui 
hyy hyphae; /, lateral; m, meristem; superficial layer of thallus; Sy cross-wa 
of axial cell with pits. (A, D after Reinke; B, J after Sdderstrdm; C, I aft< 
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small cells with chromatophores. Arthrocladia lacks these compli- 
cations. 

The origin of the mature structure can be traced in the brush-like 
tufts (fig. 60 A) crowning the tips of the diverse branches in young 
growing plants. Essentially the same features are shown by the 
numerous laterals of limited growth referred to above ; these are far 
more conspicuous in D. aculeata than in Z). ligulata ((22) p. 332). The 
cells composing these tufts are densely filled with chromatophores, 
and they no doubt constitute an important photosynthetic system in 
the growing thallus. Examination of one of the terminal tufts 
(fig. 61 A, I) shows that, towards the base of the evident axial row 
(a), there is an intercalary meristem (m) composed of flat cells and 
cutting off elements both above and below. The former replenish the 
terminal hair (/?), the uppermost cells of which are constantly wearing 
away, and each of these segments usually bears one or two unbranched 
laterals (/), which lengthen with the help of a basal meristem. 

The numerous segments cut off below the meristem grow out at 
their upper ends into uniseriate laterals (fig. 61 A, I, hr) which are 
paired in Desmarestia and formed in whorls of four in Arthrocladia ; 
at first these lengthen by means of a basal meristem. These primary 
laterals later produce delicate branches in opposite pairs (sometimes 
whorled in Arthrocladia (28) p. 98) and thus arise the numerous short 
pinnate tufts that are arranged along the sides of the long axes 
(fig. 60 E, /). Subsequently the segments bearing the primary 
laterals exhibit further transverse divisions (fig. 61 I) — mostly two 
in Desmarestia — so that in the older parts only every fourth cell of the 
series usually bears laterals ((22) p. 334, (35) p, 7); since the axial cells 
gradually undergo marked elongation, the laterals ultimately become 
widely spaced. 

From the basal cells of the primary laterals, just below the inter- 
calary meristem, the first constituents of the cortical envelope are 
formed. According to recent accounts ((13) p. 9, (22) pp. 328, 335)^ the 
basal cells cut off successively a number of small elements (fig. 61 A, c)^ 
which multiply by anticlinal division and gradually form a complete 
one-layered envelope around the elongating axial cell below the 
lateral (fig. 61 K, L). The cells of this envelope soon undergo periclinal 
division (fig. 61 M) and, in the further course of events, the outer layer 
thus produced (fig. 61 N, /)) behaves as a meristem ((13) p. 9, (28) p. 98) 
cutting off on its inner side successive elements which enlarge and 
lengthen to form the cortex enveloping the axial cells. As a result 
the basal parts of the laterals are gradually buried (fig. 61 A, C). 

^ Reinke ((25) p. 140; cf. also (ii) p. 107, (35) p. 8) describes this envelope 
as being produced from downgrowing and branching threads emerging from 
the basal cells of the laterals, and a similar origin is recorded for that of Arthro- 
cladia ((7), (28) p. 98) ; later workers on D, aculeata and other species have not 
recognised definite threads. 
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According to Jonsson ((13) p. 10) the cells cut off from the superficial 
meristematic layer enlarge, but show no further division, the meristem 
accommodating itself by frequent anticlinal division to the progressive 
widening and elongation of the axis. Its cells at first exhibit a palisade- 
like shape (fig. 61 N, />) and, both in this respect and in the faculty of 
adding new elements to the internal tissue, this layer resembles the 
meristoderm of Laminariales (p. 226). In older parts of the thalli the 
small-celled surface-layers (fig. 61 D, E, p) constitute the main photo- 
synthetic system and contrast sharply with the large and often nearly 
colourless cells of the cortex. It is not clear how long the meristoderm 
remains active or whether, as seems probable, it divides afresh in each 
season in the older perennial parts of D. aculeata. 

As the cortical envelope arises, the meristems of the primary laterals 
take up a position above their base and commence to divide like that at 
the tip of the main axis ; the lower (inner) segments lengthen and divide 
in the same measure as the lateral becomes buried, so that its meristem 
remains at the edge of the expanding axis. Such growth of the laterals 
is specially marked in the ligulate (leafy) species of Desmarestiaf where 
the superficial meristoderm undergoes very plentiful anticlinal division 
so that the cortical envelope rapidly broadens out to form a flat expanse. 

In Desmarestia the primary growth above described is succeeded 
by considerable secondary activity. The cells of the inner cortex grow 
out into narrow, septate, branching hyphae which push their way 
between the elements of the cortex and grow mainly in the downward 
direction (fig. 61 J, hy)\ at first their cells contain chromatophores. 
These hyphae constitute the small elements (fig. 61 D, hy) seen inter- 
spersed between the larger ones in transverse sections. They are 
abundant in the older thalli and are specially numerous in the mid- 
ribs of the ligulate species; in D. aculeata they increase in number 
with each season ((13) p. 12). Those in the basal parts have thick walls 
and, as a result of extensive branching, form the bulk of the tissue 
((35) p. 14). These structures no doubt fulfil a mechanical function 
and in this connection it may be noted that the breaking strain of 
D. aculeata may amount to 12 lb. ((4) p. 37). 

In the interior of the attaching discs hyphae vastly exceed in number 
the few primary cells. The upper surface of these discs is, however, 
composed of vertical rows of rectangular cells ((22) p. 339, (35)), which 
show a sharp demarcation between the growth of successive seasons 
owing to the greater length of the cells formed in the early part of each 
year ((13) p. 37» (22) P- 34o)- 

A further secondary development, that sets in at an early stage, leads 
to the formation of an internal system of cells with chromatophores 
(fig. 61 D, as). This originates ((13) p. 13) from richly branched hyphae 
produced from the cortical cells, immediately surrounding the axial 
thread. The structures in question grow both in the upward and down- 
ward directions (fig. 61 B, as) and become compacted to form a 3-4- 
layered envelope of small cells (fig. 61 D, as) with abundant chromato- 
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phores which directly invests the axial cylinder. It has been suggested 
(38) that this utilises the carbon dioxide of respiration which is unable to 
diffuse into the surrounding water (cf. however (3) p. 146). Occasional 
larger elements surrounded by a similar envelope of small cells with 
chromatophores may be observed in the inner cortex of older parts. 
The large elements in question arise as downgrowing branches ((13) 
p. 26) of the axial cells or of their primary laterals (fig. 61 F). According 
to Pease ((22) p. 338) such structures are abundantly developed in the 
ligulate species of Desmarestia^ where they constitute a branching 
system of large-celled threads connected directly or indirectly with those 
of the axial row. They may also occur amid the hyphae of the attaching 
disc ((13) p. 27, (22) p. 339). In D. aculeata Jonsson ((13) p. 14) describes 
a further system of cells with chromatophores, produced by outgrowth 
of those surrounding the axial elements and constituting a weft of 
hypha-like threads within the walls of the latter (fig. 61 H, hy\ cf. 
SpermatochnuSf p. 93). 

The elongate axial cells traversing all parts of the thalli are thus 
provided with more or less numerous branches, and the whole probably 
constitutes a conducting system ((13) p. 28). The horizontal septa of the 
component elements show fine pits, which are at first irregularly scat- 
tered, although later aggregated into groups, usually of 4 or 5 (fig. 61 O, 
s ) ; there is some evidence that these pits are traversed by cytoplasmic 
threads ((13) p. 34, (22) p. 339). Jonsson ((13) p. 31) also records pits in 
the transverse septa of the hyphae and, on the walls between the axial 
cells and the enveloping secondary system, numerous semilunar areas 
provided with a fine pitting (fig. 61 G). 

The growth of a main axis of a Desmarestia-thdllus'^ therefore 
involves (i) the production from the intercalary meristem of new 
axial segments bearing laterals (fig. 61 A, I); (ii) the formation of the 
cortical envelope and its gradual increase in thickness by division of 
the surface-layer (fig. 61 A, K-N); and (iii) the secondary activity due 
to the production of hyphae from the cortical cells (fig. 61 J) and of 
downgrowing branches from the main axial series (fig. 61 F). In 
Arthrocladia only the first two stages of this growth are seen. Only 
a small proportion of the primary laterals develop into branches of 
unlimited growth. The majority cease to grow when they have reached 
a certain length, and at the end of the active season both the lateral 
and its meristem are shed; according to Pease ((22) p. 333) such 
abscission takes place at a definite predetermined point. Simul- 
taneously the cessation of meristematic activity in the long axes is 
marked by the shedding of the terminal tuft. In the ligulate forms 
the basal parts of the branches are entirely buried in the flat expanse 
of cortical tissue (fig. 61 C, br)^ within which they sometimes appear 
as lateral veins, while in D. aculeata they persist for a time as the 
thorn-like outgrowths (fig. 60 F), which are a familiar feature of this 

^ The general structure and mode of growth of Phaeurus does not differ 
appreciably from that of a Desmare^tia, 
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species when active growth is not taking place. In Arthrocladia 
Sauvageau ((28) p. 99) also records the origin of laterals of limited 
growth from the superficial layer of the cortical envelope. 

In Desmarestia aculeata the new growth in spring originates from 
the axils of the laterals of previous seasons (fig. 60 B, w), or more 
rarely from the axils of some of the thorns ((21) p. 386, (35) p. 7). 
At these points there are groups of cells derived from the axial series 
and forming small swellings; according to Jonsson ((13) p. 6) such 
rudiments may remain dormant for one or more seasons or be 
permanently arrested. They give rise to two shoots, only one of which 
usually develops into a long branch ((35) p. 7); this may grow to a 
length of upwards of 30 cm. in a single season. 

THE REPRODUCTIVE PROCESSES 
The sporangia of Desmarestia^ formed by tangential division of a 
surface-cell (fig. 62 A, w), lie embedded in small groups in the super- 
ficial layer of the cortical envelope ((12) p. 142, (15) p. 247, (27), (36)). 
In D. aculeata they are produced in winter after the tufts have been 
shed ((16) p. 444). The sporangia are of small size and give rise only 
to a few zoospores; Abe (i) records reduction in the first divisions in 
D, viridis. The zoospores of D, aculeata ((30) p. 562 ; fig. 62 E) possess 
a single chromatophore (c) with the usual apposed eye-spot (5) ; it has 
not been possible to trace the origin of the long flagellum to this 
point. 

In Arthrocladia (fig. 62 B, F, u) the sporangia form moniliform 
chains on the adaxial side of the branches of the first or second 
order of the whorled laterals of limited growth ((6), (12) p. 139, 
(18) p. 22, (28) p. 99, (37) p. 33b); each sporangium produces about 
16 swarmers. Dehiscence by a lateral pore (fig. 62 F) is practically 
simultaneous in all the sporangia of a chain. Even young plants of 
Arthrocladia may already bear sporangia. 

The zoospores of Desmarestia (1,30) germinate according to the 
usual pattern (fig. 62 C, H). The two types of prothalli become dis- 
tinguishable at an early stage, since the female (fig. 62 J) have larger 
cells than the male (fig. 62 K). The tubular oogonia (fig. 62 J, g) 
dehisce apically to liberate the single female cell (0) which, as in 
Laminariales, usually remains adhering to the gelatinised aperture. 
The male gametophytes (fig. 62 K) are generally more richly branched 
and comprise more numerous cells which contain fewer chromato- 
phores. The numerous oblong antheridia {a) occur singly or in small 
groups at the ends of the branches, their highly refractive contents 
including only a single pale chromatophore. The solitary spermato- 
zoid is liberated through a narrow apical aperture (fig. 62 L). Actual 
fertilisation has not been observed. 

Abe ((i) p. 478) describes and figures fusion of swarmers from uni- 
locular sporangia of the same individual ; the germlings of these zygotes 
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Fig. 62. Reproduction of Desmarestiales. A, C, E, G, H, J-L, Desmarestia 
aculeata (L.) Lamour. ; A, section through part of a sorus ; C, H, two stages in 
germination of spores; E, zoospores; G, the same after coming to rest; J, part 
of a female gametophyte, with dehisced oogonium; K, male gametophyte; 
L, part of same, liberation of spermatozoid. B, D, F, I, M, Arihrocladia 
villosa (Huds.) Duby; B, part of lateral showing the chains of sporangia; 
D, zoospore; F, liberation of swarmers from sporangia; I, M, gametophytes. 
a, antheridium ; c, chromatophore ; a/, cuticle ; g, oogonium ; m, spermatozoid ; 
o, ovum; r, cells of uncertain function; j, stigma; sp^ spore; t/, unilocular 
sporangium; 2, zoospore. (A after Kuckuck; B, I, M after Sauvageau; D, F 
after Johnson; the rest after Schreiber.) 
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resemble those formed from the zoospores, although they remain 
sterile. 

The zoospores of Arthrocladia give rise to extensively branched 
heterotrichous growths (fig. 62 I, M) which appear to be all of one kind 
((28) p. 105). The erect threads bear at their tips and along their sides 
large rounded cells (r) of uncertain function. In Sauvageau*s cultures 
young sporophi^es arose from the terminal cells of ordinary branches 
and he interpreted them as oogonia developing apogamously. He also 
recognised doubtful antheridia ((28) p. 112), exhibiting occasional de- 
hiscence, borne at the summit of narrower branches of the same 
prothalli. Germination-stages found entangled amid the latter suggest 
by their dimensions an origin from the escaped contents of the putative 
antheridia; the further fate of these germlings was not ascertained. It 
may be doubted whether these prothalli were normal. 

DEVELOPMENT OF THE SPOROPHYTE 

The zygotes of Desmarestia undergo successive transverse division 
(fig. 63 B, C) to form an unbranched erect thread (e). If the zygote 
becomes detached from the oogonium before germination, which is 
likely to be the rule in nature, the formation of branched rhizoids (r) 
sets in at an early stage. In the older embryos (fig. 63 F) plentiful and 
mainly opposite branching of the uniseriate primary axis takes place. 
Schreiber ((30) p. 574) draws attention to the similarity between such 
stages and one of the lateral hair-tufts on the adult thallus. 

When the embryo is 3 to 4 weeks old, corticating threads grow out 
from the lower cells of the main axis (fig. 63 D, E, c) in close apposi- 
tion to the cells below. As they undergo septation and develop 
branches, the lower part of the axis becomes covered by a continuous 
cortical investment (fig. 63 A, co). At the base of the embryo the 
threads diverge to form a group of rhizoids (r), but farther up their 
cells divide to form a several-layered cortex. At this stage the axis of 
the embryo develops, a little way below its apex, a definite intercalary 
meristem (m). The early development of Arthrocladia is unknown. 

THE STATUS AND AFFINITIES OF 
THE DESMARESTIALES 

The general structure and mode of growth of the sporophytes of 
Arthrocladia and Desmarestia present so many points of similarity 
that, despite the difference in the mode of arrangement of the 
sporangia, a real affinity is evident. It is therefore hardly justifiable 
to refer Arthrocladia to a separate order ((28) p. 117), although its 
inclusion in a distinct family, as suggested by Kylin ((17) p. 93), is 
plausible on the basis of our present knowledge. Much will depend 
on the nature of the sexual generation of Arthrocladia. In its sporo- 
phyte it is clearly less specialised than Desmarestia. 
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The marked degree of correspondence between the prothalli of 
Desmarestia and those of Laminariales induced Schreiber ((30) p. 579) 
actually to include the Desmarestiaceae in the latter order. This is, 
however, altogether unwarranted, in view of the fundamental dif- 
ferences between the structure of the sporophyte in the two orders. 
The Desmarestiales are essentially uniaxial forms acquiring a pseudo- 



Fig. 63. Early development of Desmarestia aculeata (L.) Lamour. (after 
Schreiber). A, diagrammatic representation of the young plant; B, C, young 
embryos; D, E, development of cortex; F, older embryo, a^ axial cell; 
c, cortical threads; co, cortex; e, erect axis; gy gametophyte; w, meristem; 
r, rhizoid. 

parenchymatous construction secondarily as a result of the develop- 
ment of a cortical investment. This cortical envelope is fundamentally 
homologous with the corticating threads of a Spermatochnus (p. 90) 
or Sphacelaria (p. 268). In the Laminariales, on the other hand, the 
parenchymatous construction results from the segmentation of a 
primary filament ; in other words the members of this order are highly 
specialised polystichous types. The Desmarestiales must have their 
origin among uniaxial forms such as occur in diverse Ectocarpales. 
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Despite the different mode of growth, there are considerable analogies 
between the structure of a Spermatochnus and a Desmarestia^ as 
j6nsson(i3) has particularly emphasised. The resemblances to Sporo- 
chnales are discussed on p. 179. 

Like other specialised forms the Desmarestiales have lost all traces 
of heterotrichy in the sporophyte, the growth of the embryo being 
erect from the first. This, as well as the high degree of elaboration in 
vegetative structure and the specialisation of the gametophytes, 
justifies their being grouped in a separate order. 
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Orde rpT. LAMINARIALES f 

The sporophytes of Laminariales include some of the largest forms 
known among Algae, while they surpass all other Phaeophyceae in 
morphological complexity and anatomical specialisation. The game- 
tophytes, by contrast, are minute filamentous growths, bearing either 
oogonia or antheridia (fig. 90). The sporophyte is usually differentiated 
into a cylindrical stalk or stipe and one or many blades or laminae. The 
main region of cell-division lies in the transition zone between stipe 
and lamina, and this intercalary growth constitutes an important 



Fig. 64. Laminaria digitata (L.) Lamour., exposed at low tide on the coasts 
of the Faeroes (photo: F. Boergesen). On the left L. Cloustoni Edmonds, 
appears above th^ surface of the sea. On the rocks on the right are Rhodymenia 
and Gigartina. 

distinction from Fucales. More significant differences are, however, 
to be found in the processes of reproduction and in the nature of the 
life-cycle. The sporangia of Laminariales usually form extensive sori 
on the blades. 

The members of this order are for the most part lithophytes 
attached to rocks by elaborate holdfasts (fig. 65 N), although they are 
sometimes epiphytes or found on movable substrata (cf. (156) p. 10, 
(173) p. 135).^ They usually occur in the sublittoral region (fig. 64) and 

^ Laminarias growing on rock fragments, which are not strong enough to 
anchor the adult thallus, occasionally get carried out to sea together with their 
substratum. This sometimes occurs on a.considerable scale ((21) p. 36, (183)); 
plants of Laminaria Cloustoni and Saccorhiza sometimes bring ashore blocks 
of rock weighing several pounds. 
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not uncommonly form a dense belt not far below low-tide limit 
where the greater part of the thallus is deeply submerged ; they some- 
times constitute natural breakwaters. On North European shores 
they generally follow immediately below the characteristic Fucaceous 
girdle of the littoral region. Many of the larger Pacific forms, such as 
Macrocystis and Nereocystisy are anchored in relatively deep water, the 
fronds alone floating at the surface (fig. 75 A) by virtue of the great 
elongation of the stipes and the presence of air-bladders at the bases 
of the blades. The geographical distribution is dealt with on p. 253. 


THE MORPHOLOGICAL FEATURES OF 
THE SPOROPHYTE 

The Family Chordaceae 

Chorda filum ((64) pi. 107, (133) p. 35), an annual seaweed of gregarious 
growth widely distributed in the Northern Hemisphere, though some- 
times found between tide-marks, is commoner in the sublittoral 
region. The hollow, whip-like, unbranched thalli (fig. 81 A) reach a 
length of 8 metres, although rarely more than J cm. in width. 
Attachment is effected by a small discoid holdfast (d) and several 
thalli sometimes arise from the same base. In quiet- localities the 
plants may form extensive submarine meadows, the upper flagelli- 
form portion floating on the surface. Spiral inrolling is not un- 
common. In summer the thalli are often covered with hyaline hairs. 
C. tomentosa Lyngb., sometimes regarded as a variety of C.filuniy is a 
smaller and rarer form, covered with an abundance of gelatinous 
hairs containing chromatophores. 

According to Kylin ((93) p. 27) C. filum continues to lengthen 
throughout the summer with the help of a meristematic zone situated 
a short distance below the apex. Sporangia, which differentiate pro- 
gressively from below upwards, cover a large part of the surface of the 
plant. The simple form of the thallus and the relatively unspecialised 
internal structure (cf. p. 223) justify the reference of Chorda to a 
family of its own. 


The Family Laminariaceae 

One of the simplest representatives of the true Laminariales is consti- 
tuted by Laminaria saccharina ((64) pi. 289), a widely distributed 
northern perennial, usually occurring at and to some slight depth 
below low-tide level. It favours quieter water ((129) p. 180). The 
smooth round stipe, which is sometimes as thick as a finger and up- 
wards of a metre in length, terminates below in the richly branched 
holdfast characteristic of Laminariales generally (cf. fig. 65 N), while 
above it expands into a flat, rather leathery lamina, reaching a length 
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Fig. 65. Laminaria. A, L. Cloustoni Edmonds., habit. B, L. Rodriguezii 
Born., plant with stolons. C, D, I, L. saccharina (L.) Lamour., plants of 
various ages showing blade-renewal. E, F, L. Andersonii Farlow, two stages 
in formation of new blade. G, H, N, L. digitata (L.) Lamour.; G, H, two 
young plants; N, attaching organ of mature plant. J-M, L. Sinclairii (Harv.) 
Farlow, successive stages in development of new blade, c, collar of split tissue 
at point of blade-renewal; </, attaching disc;/, sorus; /?, haptera; m, developing 
medulla; new and 06, old blade; s, slit; st, stolon; t, transition zone. 
(A after Foslie; B after Bornet; E, F, J, K, L after Setchell; G, H after 
Killian; the rest after Sauvageau.) 
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of 2 metres ; old blades commonly show rows of alternate elevations 
and depressions within the ruffled margin (cf. fig. 65 C). 

As in all Laminariales, the principal formative region is situated in 
the transition zone between stipe and lamina (fig. 65 C, t). By its 
agency stalk and blade gradually increase in length during the growing 
season, while in the early months of the year (fig. 65 C, D)^ a new 
blade {nb) is formed to replace that of the previous season (pb). The 
new lamina {nb) first appears at the top of the stipe as a slight widening 
separated by a marked constriction from that of the preceding year 
{ob)^ which by this time is usually much frayed and in course of 
destruction. As the new lamina enlarges, the old one becomes a mere 
appendage at its apex and ultimately breaks off completely (cf. also 
p.241). The unilocular sporangia appear towards the end of the season 
of active growth and constitute dark brown, irregularly circumscribed 
sori on both surfaces of the blade ; they are usually produced only in 
older plants ((i.n) p. ii). 

The embryonic stages (fig. 82 A~D, 1 , p. 224) are anchored by uni- 
cellular rhizoids, but relatively soon radial and tangential divisions in 
the cells at the bottom of the developing stipe result in the formation 
of a gradually broadening disc (fig. 65 I, d) which is attached by 
rhizoids emerging from its lower cells (( 88 ) p. 250, (134) p. 10). 
Already towards the end of the first season, however, a whorl of 
branched haptera arises from the disc and from the stipe above 
(fig. 65 C, h) and further whorls are formed at successively higher 
levels on the latter as the plant grows older (fig. 65 N), usually at the 
time of the annual renewal of the lamina. 

Among other species of Laminaria with an undivided lamina 
{Simplices)y L. solidungula J. Ag. is characterised by the persistence of 
the simple attaching disc throughout life ((i) p. 7). L. longicruris de la 
Pyl. ((2) p. 15, (04) pi. 339, (139) p. 845, (141) p. 52) attains to appreciable 
dimensions, with a hollow stalk reaching 5 metres and a broad blade 
4 metres long and stated to become i \ metres wide ((189) p. 193). Both 
species are Arctic forms, occurring also on the Atlantic coast of North 
America down to Cape Cod. L.japonica Aresch. ((117) p. 88), important 
on the coasts of Japan and Siberia ((43) p. 35), is another large form 
reaching a total length of 12 metres. The Japanese L. gyrata Kjellm. 
((8s), (117) p. 91) is distinguished by the arrangement of the sori in small 
marginal, subcircular or transversely extended, groups. In L. religiosa 
Miyabe ((204) p. 71 1) the thickened middle part of the blade is depressed 
on one and elevated on the other surface, the former always facing the 
light; the sori first appear on the shaded side and are often restricted 
to it. This species therefore affords indications of dorsiventrality. 

^ On the New England coast there appear to be two periods of blade- 
renewal ((167) p. 1 18, (189) p. 191). The ruffled blade is fully developed in 
summer, but is replaced in August by a smooth one which lasts through the 
winter. 
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A number of species (e.g, the Mediterranean L. Rodriguezii Bornet 
(17); fig. 65 B; the Pacific L. Sinclairii (Harv.) Farl. (176) p. 598; and the 
Arctic L. longipes Bory (120), (166) p. 591) produce, from the region of 
the holdfast, horizontal stolons which sooner or later turn up at their 
tips and develop into new plants. 

L. saccharina represents a simple type of thallus which is repeated 
with but little modification in the early stages of development of all 
Laminariales. A different habit is, however, exhibited by the mature 
plants of the two other species of Laminaria common on North 
European shores, viz. L. digitata ((64) pi. 223 ; L, flexicaulis Le Jolis 
(36), (loi) p. 91), also found on the Atlantic shores of North America, 
and L, Cloustoni (L. hyperborea Foslie (100) p. 533); the latter usually 
occupies a lower level (fig. 64) than the former ((58) p. 893, (91) p. 100, 
(183)). In these species (Digitatae) the greater part of the blade is 
divided into numerous segments (fig. 65 A). L. digitata has a 
pliable stipe ((210), p. 325), while that of L. Cloustoni is firm and 
wrinkled, usually bearing numerous epiphytic Florideae. The sori 
of L. digitata form scattered patches on the blades (fig. 88 A), 
whilst in L. Cloustoni they appear as large irregular areas with but 
little free surface between them ((156) p. 188). The holdfasts ((37) p. 5 ; 
fig. 65 N) resemble those of L. saccharina. 

Young plants of both species have an undivided blade and are in- 
distinguishable from those of L, saccharina ((8) p. 15, (100) p. 549, 
(134) p* i3)» A new blade is formed in the same way during the winter 
and this is at first entire, but, as it enlarges, successive short longi- 
tudinal splits ^ arise within the lower portion, the first ones appearing 
near the outer margin (cf. fig. 65 F, s). Gradually the splits extend to 
the front edge of the new lamina, which consequently gets resolved 
into separate segments (fig. 65 A, nb); the middle ones commonly 
become completely free only after the old blade has worn away. In 
subsequent years the new blade (fig. 65 E) likewise originates as a 
dilatation at the summit of the stipe and becomes segmented in the 
same way. 

In some of the perennial digitate species such blade-renewal probably 
takes place repeatedly over a period of years, but this seems to vary with 
the latitude and depends on environmental conditions ((156) p. 134). 
Certain species are more long-lived than others. Sauvageau ((156) p. 14) 
concludes that plants of L. Cloustoni persist for 10-20 years and Foslie 
((37) p. 46) records old specimens with stipes 5 metres long. According 
to Yendo ((206) p. 56), on the other hand, the Laminarias of Japan live 
for only two years and show only one period of blade-renewal. 
L. ephemera Setchell ((168), (172) p. 92) (Renfrezvia parvula Griggs (52), 
(54) p. 51), an annual attached by a simple disc throughout life, exhibits 
relatively little splitting of the blade. 

^ The mode of origin of the splits in Laminaria and other Laminariales is 
dealt with on p. 240. 
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Several monotypic genera which are characteristic of the North 
Pacific, while retaining the simple habit of a Laminaria saccharinay 
exhibit diverse modifications in their fronds. In Pleurophycus ((146) 
p. 427, (168) p. 123, (176) p. 606), which is probably an annual, the middle 
of the blade shows a shallow fold simulating a broad midrib and con- 
trasting markedly with the undulate wings. The blade of Cymathere 
triplicata ((i) p. 29, (8) p. 20, (53), (175) p. 264, (176) p. 608; Laminaria 
triplicata Post. & Rupr. (126) pi. 10; fig. 66 A) is provided with three 
narrow longitudinal folds (r) throughout its length ; it may be as much 
as 4 metres long and 22 cm. broad, although the stipe does not usually 
exceed 5 cm. The sori are restricted to the base of the blade. Cymathere 
is fixed by a discoid holdfast and frequents relatively quiet water. 

In Costaria ((8) p. 19, (176) p. 609, (204) figs. 66 F ; 70 A) the blade is 
traversed by five prominent longitudinal ribs which project alternately 
on the two surfaces (cf. fig. 66 I, r) so that three are visible on the one 
and two on the other; on the surface opposite to each rib there is a 
corresponding depression, while between the ribs there are numerous 
puckerings (b). The blade continues to widen after it has reached its 
full length and occasional perforations are formed in much the same 
way as in Agarum (cf. below). In the young plant (204) the midrib 
arises first (fig. 66 C, E, r) and then, successively, the lateral ribs (fig. 
66 D). The sori occupy the longitudinal depressions, as well as the 
hollows around the perforations ((76) p. 237). 

A greater degree of specialisation is seen in Agarum and Thalassio- 
phyllum. The former ((2) p, 18, (69), (134) p. 19), represented by several 
perennial species in Northern Asia and America, has only a short 
stipe (fig. 66 B). The mature elongate blade is provided with a 
prominent midrib (r) and is pierced by numerous large perforations 
ip) P- (^9)) which are lacking in young plants (fig. 66 G). In 
A, cribrosum (A, Turneri Post. & Rupr. (126) pi. 22) the lower margins 
of the lamina are distinctly inrolled ((170) p. 125; fig. 66 H). Most 
authorities (see (134) p. 18) state that the blade is renewed periodically 
as in a LaminariUy but according to Humphrey ((69) p. 200) there is 
continuous growth at the base as the apex wears away (cf. Alaria), 
The sori are formed on either surface of the blade. 

Young plants of Thalassiophyllum ((170) p. 123) have a very short 
stipe bearing a broad cordate blade (fig. 67 A), the lower margins of 
which soon thicken ; growth in width of the blade continues for a long 
time (fig. 67 B, C) so that it soon becomes broadly reniform (fig. 67 D). 
At an early stage, as a result of unequal surface growth, the lower edges 
undergo inrolling (^) and their thickened margins come to lie in the 
centre of the developing scrolls (cf. Agarum cribrosum). The degree of 
inrolling increases as the blade widens (fig. 67 E), while simultane- 
ously the median part of the latter (b) undergoes progressive erosion. 

^ Costaria reticulata Saunders (145) is a member of Lessoniaceae (Dictyo- 
neuropsis (215) p. 651). 
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This ultimately results (fig. 67 G, H) in the complete separation of 
the two large scrolls, the basal parts of which have thickened to form 
two arms diverging from the apex of the original stipe (fig. 67 F, H, a). 

The keels constituted by the thickened basal margins of the lamina 
are protected within their appropriate scrolls, but the exposed edges 



Fig. 66. A, Cymathere triplicata (Post. & Rupr.) Ag., habit. B, G, H, Agarum 
cribrosum (Mert.) Bory ; B, habit; G, young plant; H, basal part of older blade. 
C-F, I, J, Costaria costata (Turn.) Saund.; C-E, young stages; F, older 
plant; I, basal part of a mature plant; J, transverse section of stipe. pucker- 
ings of blade; dy attaching disc; h, hapteron; infolded margin of blade; 
m, medulla; />, perforation; r, rib. (A, B after Postels and Ruprecht; G, H 
after Reinke; the rest after Yendo.) 
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of the two secondary blades undergo progressive erosion and so 
appear more or less ragged (fig. 67 H, e). The meristem that brings 
about the gradual enlargement of each secondary blade lies along the 
edge of the keel. As the blades spread out, they develop numerous 
perforations (fig. 67 G, H,^) which are arranged in longitudinal series 
parallel with the keel (fig. 67 I) ; the edge of the perforations is at first 



Fig. 67. Thalassiophyllum clathrus (Gmel.) Post. & Rupr. A-H, successive 
development (see text); I, mature plant; J, details of adventitious branch- 
formation. a, the two arms formed from the basal scrolls; 6, primary blade; 
bVf branch; e, eroded edge of blade; h, hapteron; />, perforation; scroll. 
(I after Postels and Ruprecht; J after Rosenthal; the rest after Setchell.) 
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revolute ((138) p. 137). For a time the two secondary blades develop 
unifprmly (fig. 67 F), but later one usually takes the lead ((176) p. 614) 
and assumes a more or less erect position. As growth continues its 
basal portion elongates to form a false stipe (fig. 67 H, «), which 
usually becomes twisted. According to Rosenthal ((138) p. 140) the 
branches found on mature plants are all adventitious, originating 
from the lower edge of certain perforations close to the thickened keel 
(fig. 67 J, br). The adult plants ((126) pi. 18, (138) p. 136), which grow 
in dense thickets just below low-water mark, reach to a height of 
about a metre. The thick twisted stipes (fig. 67 I) bear numerous 
branches each terminating in a firm coriaceous blade inrolled at its 
base and pierced by numerous holes. Anchorage is effected by haptera 
{h) arising from the base of the original stipe. The sori form irregular 
dark brown areas on the blades. 

A less complex form is attained by the allied genus Hedophyllum ((54) 
p. 27, (146) p. 429, (168), (170) p. 1 19, (20s) p. 269), the mature plants of 
which (fig. 68 A, B) are attached by numerous haptera (A) arising from 
the thickened basal margins of the blade. The young plant (fig. 68 C) 
has a short flattened stipe and at an early stage the base of the lamina 
becomes decumbent. In H. sessile (Laminaria sessilis Ag. ; L. apoda 
Harv. (63) p. 167) the older blades split into two or more segments 
(fig. 68 A). In H. suhsessile (fig. 68 B), however, the median part of the 
primary lamina wears away leaving two secondary blades (sh) at the 
ends of the thickened margins (m) of the former, which appear as 
bifurcations of the original stipe (5); the basal margins exhibit some 
inrolling (fig. 68 B), although this is more marked in H. spirale Yendo 
((120) p. 54, (202)). There is much resemblance to Thalassiophyllumy but 
the inrolling is not pronounced and there are no perforations. Hedo- 
phyllum sessile ((170) p. 126) appears to constitute a link between the 
digitate species of Laminaria and H, suhsessile which in its turn, via 
H. spirale, approaches Thalassiophyllum, In Arthrothamnus hifidus 
(Gmel.) J. Ag. ((i) p. 25, (9) p. 14, (176) p. 619, (199), (202) p. 168) the 
primary lamina ultimately disappears completely except for its de- 
cumbent basal margins from which the secondary blades arise. The 
same process is repeated again and again and thus a dichotomising 
rhizome bearing numerous fronds is gradually produced. 

A different structure is seen in Saccorhiza bulbosa ((10), (12s), (156) 
p. 32), an annual^ found on the Atlantic shores of Europe and North 
Africa and sporadically in the Western Mediterranean ((X56) p. 21, 
(208)) ; it is not infrequent at and below low-water mark in the British 
Isles. The mature plant (fig. 69 A) has a digitate blade, sometimes 
exceeding 2 metres in length ((156) p. 89) and borne at the end of a 
flattened stalk (5) which may be 60 cm. long. The stalk is spirally 
twisted in its lower portion and below the twist there is a large in- 

^ Spence ((183) p. 284), however, records the persistence of plants into the 
summer of the second season. 
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verted bell-shaped outgrowth (^), which may reach 40 cm. in dia- 
meter and covers in the basal part of the stalk, as well as the original 
attaching disc. Numerous haptera (h) arise from the margin of the 
bell, while the outer surface often bears similar unattached structures. 



Fig. 68. Hedophyllum (after Setchell). A, C, D, H. sessile (Ag.) Setch.; 
A, habit of mature plant; C, young stage; D, later stage showing the decum- 
bent base of the blade. B, H. subsessile (Aresch.) Setch., habit. A, haptera; 
m, meristem; s, stipe; secondary blade. 

The early stages (190) are of the usual type. The bell develops from 
the transition zone (fig. 69 B, b) and completely covers in the short 
stipe, while subsequently the same meristem gives rise to the 
flattened stalk which intervenes between bell and blade. This stalk 
ultimately develops undulating wings (fig. 69 A, w) upon which the 
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sori are usually formed, but they can also arise on the blade, as well 
as on the inner and outer surfaces of the bell (153). The latter survives 
throughout the winter after the rest of the plant has perished. 
Gardiner (46) also records formation of sporangia on the haptera 



Fig. 69. A, B, Saccorhiza bulbosa De la Pyl. ; A, small mature and B, young 
plants. C, D, S. dermatodea (De la Pyl.) J. Ag., lower parts of young plants of 
successive ages. 6, bell; dy attaching disc; /z, hapteron; s, stipe; Wy wing. 
(A after Sauvageau; B after Barber; C, D after Setchell.) 

Another species, S. dermatodea ((38) p. 74, (161)), which is sometimes 
((85 «) p. 254) referred to a separate genus Phyllaria owing to the position 
of the sori at the base of the blade, is widely distributed in the Northern 
Hemisphere. Here the stalk is simple and the bell (SetchelPs rhizogen) 
is quite a small structure (fig. 69 C, D), although again serving for 
attachment. Phyllaria reniformis (Lamour.) Rostaf. occurs in the 
Mediterranean and the adjacent parts of the Atlantic. 
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The Family Lessoniaceae 

The splitting of the lamina, seen in diverse genera above considered, 
does not usually extend into the transition zone, so that the meristem 
remains a single entity; meristematic activity may, however, subse- 
quently concentrate mainly in other regions, as for instance along the 
edge of the keel in Thalassiophyllum. In the forms, which Setchell 
groups as Lessoniaceae, on the other hand, the. process of splitting 
extends also into the transition zone, so that the secondary blades are 



Fig. 70. A, Costaria costata (Turn.) Saund. B, Dictyoneurum californicum 
Rupr. (photos: F. E. Fritsch, Monterey Peninsula, California). 


each provided with a part of the original meristem and can thus 
develop secondary stipes of their own. This is one of the characteristic 
features that underlies the construction of such genera as Lessonia and 
Macrocystis. 

The first species to be mentioned is Dictyoneurum californicum 
((144) p. 80, (176) p. 621), which is confined to Pacific North America. 
The young plant, so far as known, is of the usual pattern. Its short 
stipe soon becomes prostrate and develops into a flat and rather thin 
organ attached to the substratum by marginal haptera (fig. 70 B, s). 
The lamina segments by means of successive splits that originate in 
the transition zone and gradually extend outwards. The short stipes 
of the secondary blades become decumbent and are attached to the 
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substratum in the same way as the primary one and, since this happens 
time after time, the front part of the attachment system gradually 
advances, while the older part behind dies away ; in this way a single 
plant gives rise to a clump. Older blades exhibit a network of coarse 
ribs (fig. 70 B). Broad irregular sori appear each year on both surfaces 
of the blades. Dictyoneurum is distinguished from other L’essoniaceae 
by the procumbent development of the stipe. In Dictyoneuropsis ((21s) 
p. 651) splitting takes place through the broad midrib of the young 
lamina, the secondary blades regenerating a new half along the 
exposed edges. 

The chief centre of distribution of Lessonia ((9) p. 8, (sO p. 641, 
(96), (179) p. 69, (180) p. 47, (314) p. 57) is in the Southern Hemisphere 
(see map 2, p. 252). The young stages ((60) p. 457, (179) p. 73) show the 
usual habit (fig. 71 A), but a median split (fig. 71 B, 5) soon arises near 
the base of the blade resulting in two segments (fig. 71 C, F) provided 
with short pedicels {p) which appear as forks of the underlying stipe. 
The original meristem is thus segregated into two entities {m\ each 
contributing not only to the enlargement of the appropriate secondary 
blade, but also to the lengthening of the pedicel below. The secondary 
blades split in the same way (fig. 71 C), and this is repeated time and 
again. Commonly one fork develops more vigorously than the other 
(fig. 71 E) and, since the pedicels of successive stronger forks become 
arranged in a straight line, a sympodial axis {a) is formed, upon which 
the weaker ones appear as laterals. 

In some species (e.g. L, laminariaeoides ((9) p. 10, (126) pi. 38, e) the 
primary stipe remains short, but in others (L. flavicans^ fig. 71 D; 
L, nigrescensy fig. 71 E) it lengthens progressively to form a main 
trunk upon which the numerous secondary blades are borne. One of 
the most striking species is L,flavicans {L. fuscescens Bory ((126) pi. 3 ; 
L. ovata Hook, et Harv.), the mature plants of which resemble small 
trees (fig. 73 D). The thick stipe divides again and again in its upper 
portion, the ultimate branches ending in long lanceolate blades. 
Harvey ((60) p. 457) states that the plants may reach a height of 
4 metres, while the main stipe may have the thickness of a human 
thigh. According to Skottsberg ((179) p. 74) the stipe increases in 
thickness with each division of the lamina. The sori of Lessonia are 
formed on the basal parts of the blades. 

Postelsia palmaeformis ((144) p. 75, (176) p. 624, (182)), an annual 
confined to the Pacific shores of North America, although of 
appreciably smaller dimensions, resembles the arboreal Lessonias 
in habit. One of the most striking of the Laminariales, it well 
deserves the popular name of Sea Palm. The thalli (fig. 72) have 
short thick upright stipes surmounted by a pendent mass of blades. 
They grow gregariously in habitats exposed to the full violence of the 
waves, and it is a remarkable sight to see such a forest of Postelsia 
uncovered at low tide and unaffected by the battering of the waves to 



Fig. 71. A-F, Lessonia. A-C, E, L, nigrescens Bory; A-C, successive stages 
in development of the blade ; E, habit of older plant. D, F, L. flavicans Bory ; 
D, single branch of an older plant; F, young plant. G, Adenocystis utricularis 
(Bory) Skottsb., group of plants, a, sympodial axis; d, attaching disc; 
h, hapteron; m, meristem; p, stipe of secondary blade; s, slit; sty stipe. 
(A-C after Reinke; D, E after Postels & Ruprecht; F after Skottsberg; 
G after Harvey.) 
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Fig. 72. Postelsia palmaeformis Rupr. Above, several dense groups; below, a 
few^ plants on a larger scale. (Photos: F. E. Fritsch, Monterey Peninsula 
California.) * 
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which it is subjected. The numerous blades arise by splitting in the 
transition zone, much as in Lessonia. The stipe, from 40 to 60 cm. 
high, is hollow, but the many short pedicels at its summit are solid. 
Each bears a falcate blade, traversed on both surfaces by deep longi- 
tudinal grooves within which the sori develop. 

Nereocystis and Macrocystis are distinguished by greater elongation 
of the stipe and by the huge size attained by the mature thalli. The 
former ((9) p. 5, (105), (126) p. 8), the Bull Kelp of the Americans, 
despite its dimensions, is probably in the main an annual seaweed 
(cf. also (39), (171), p. 129) lasting from February to the following 
November or December. The young plants (7,41) are of the usual type 
(fig. 73 B, E), but soon exhibit rapid lengthening of the stipe, although 
at first it remains slender and very flexible. Near its summit and 
beneath the transition zone a spherical air-bladder .(i;) arises at an 
early stage and, soon after, the blade develops the first split (5), which 
extends down to the bladder and divides the lamina into approxi- 
mately equal halves. As the bladder enlarges (fig. 73 C), the short 
stalks {p) of the secondary blades become separated. Successive 
splitting of the blades takes place, as the stipe elongates and the float 
enlarges, so that the older plant (fig. 73 A) bears numerous lanceolate 
fronds, not uncommonly grouped in two or more bunches corre- 
sponding to the primary divisions of the lamina. The rather thick 
solid stipes of such plants are anchored by an elaborate holdfast, 
which is up to 30 cm. in diameter. The sori form elongate areas, 
reaching a metre in length, on both surfaces of the blades; after 
liberation of the swarmers the whole fruiting region drops out (59). 

Frye (41) states that the second and third splittings of the blade are 
often unequal, the larger segment being to the outside ; he sees in this 
a resemblance to Pelagophycus (p. 21 1). Nereocystis favours habitats 
where the tide is swift and usually grows in 5-8 fathoms of water ((39), 
(105), (135) p. 86) ; the length of the stipe depends on the depth (70). The 
plants often grow in dense masses (39) and the largest are found in the 
vicinity of the Arctic. The stipes were formerly employed as fish-lines 
by the natives, while the huge floats were used to siphon water from 
the boats ((13s) p. 91). According to Macmillan ((los) p. 278) the thallus 
reaches a length of 100 metres, with air-bladders 2-3 metres long and 
up to 15 cm. in diameter, while the blades are stated to become 15 
metres long; most other authorities give considerably smaller dimen- 
sions and it remains doubtful whether the plants are ever more than 
50 metres in length (cf. (39), (42), (135) p. 86, (171), (176) p. 624). The 
mature floats are more or less pear-shaped and separated by a constriction 
from the stipe below. They rest on the surface of the water, while the 
numerous blades are slightly submerged. Older stipes bear irregular 
outgrowths which have been regarded as homologous with the haptera 
((105) p. 276). 

Macrocystis ((60) p. 461, (138) p. 107, (178), (179) p. 80), the largest of 
the perennial seaweeds, has its main centre in the Southern Hemi- 




Fig. 73. A~C, E, Nereocystis Luetkeana (Mert.) Post. & Rupr. ; A, habit; 
B, E, young plants; C, early splittings of the blade. D, Lessonia flavicans 
Bory, habit, d, attaching disc; h, hapteron; pedicel of blade; 5, slit; 
sty stipe; Vy air-bladder. (A after Postels & Ruprecht; B, C after Macmillan; 
D after Hooker and Harvey; E after Hartge.) 
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sphere, although also well represented on the western shores of 
America (see map 2, p.252). It usually grows in 8- 10 fathoms of water. 
According to recent accounts^ the thalli of M. pyrifera (fig. 74 A) 
attain a maximum length of 60 metres. Above the holdfast {h) there 
follows a long slender stalk {st^ a centimetre or less in width), which 
often bears a number of scattered blades and trails out obliquely to 
the surface of the water, where the rest of the thallus floats hori- 
zontally. This floating portion (fig. 74 C) bears a dense double row of 
shortly stalked lanceolate blades (Z>/), i-i| metres in length ; the blades 
have a corrugate surface and bear short spines along their margins, 
while at the base of each is a spherical to pyriform air-bladder {b). 
On the older parts the blades usually disintegrate and at most only 
the air-bladders remain. The holdfast of M. pyrifera may be nearly a 
metre in diameter ((176) p. 627, (179) p. 96) and is of the usual type 
(fig. 74 A, h), but in M. integrifolia Bory ((8) p. 22, (68) p. 60, (174) 
p. 448, (176) p. 628), found on the Pacific coasts of America,^ attach- 
ment is effected by a flattened, prostrate richly branched organ 
bearing haptera along its margins and dying away behind as it grows 
on in front (cf. Dictyoneurum). 

The development of the mature structure from the embryonic 
stage (fig. 74 F) takes place in essentially the same way as in Lessonia 
((i8) p. II, (so) p. 323, (72) p. 109, (134) p. 34, (138) p. 107, (174) p. 449, 
(178), (179) p. 82, (193) p.«8o2). A median split divides the young blade 
into two equal halves (fig. 74 G), but before the split has extended to 
the apex of the lamina further splits {s2) are formed on either side. 
As the tertiary blades become free (fig. 74 B), intensive marginal 
growth of the original lamina results in a rapid enlargement of the two 
outer blades (z, j), while the inner ones (2, 2) remain narrower; 
according to Skottsberg ((179) p. 85) the next splits always arise in the 
outer segments (fig. 74 B).^ Both of the latter (fig. 74 D, E, b 2 ) give 
rise to elongate floating shoots in the way described below^ while the 
inner ones may also develop into such long shoots, although the latter 
are retarded in growth as compared with the others.^ 

In the subsequent course of events, after each process of splitting, 

^ See (24) p. 168, (42) p. 475, (97) p. 499» (*79) p. 103. Larger dimensions are 
given by earlier authors (cf, (193) p. 806). South African plants are small 
((213) p. 21). 

* It has been suggested that this species, which occurs also in South 
Africa (29), is but a shallow-water form of M. pyrifera ((176) p. 627), but 
Smith ((21s) p. 651) regards it as distinct. 

® The drawing of Reinke(i34), reproduced in fig. 74 G, shows just the 
opposite. Skottsberg suggests that this specimen, drawn from herbarium 
material, had undergone displacement of its parts in mounting. 

^ The later-formed haptera commonly take their origin from the branches 
of the first fork, so that several plants may appear to arise from the same 
holdfast or may even seem to originate adventitiously from the haptera (193). 
Skottsberg ((179) p. 96) was, however, unable to find any evidence for such 
an origin. 
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Fig. 74. Macrocystis pyrifera (Turn.) Ag. A, diagrammatic representation 
of an older plant; B, G, early stages of development; C, tip of growing plant; 
D, E, diagrammatic representation to show mode of development of thallus ; 
F, embryo, b, air-bladder; d, attaching disc; b 2 , bly successive blades; 
hy hapteron; internode; ky keel; p, pedicel; Sy s ly 5 2y S3.y slits; sty stipe; t, 
terminal blade. (C after Postels & Ruprecht; G after Reinke; the rest aftei 
Skottsberg.) 
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it is always only the outer segment that undergoes further develop- 
ment (cf. fig. 74 D, E). The splits soon commence to appear nearer 
the inner margin of this segment (fig. 74 C) and as a result a relatively 
narrow piece [hi) gets detached from the large remaining part [t). The 
latter, gradually assuming a falcate shape, comes to occupy a terminal 
position (fig. 74 D, E, t) on the elongating sympodial stipe and consti- 
tutes a formative tract from which segments are detached unilaterally 
in a single series (fig. 74 C). The opposite margin of this terminal 
blade soon thickens to form a keel [k) ((193) p. 805) which is continuous 
with the stipe below. Along its edge lies the meristematic zone, the 
region of maximum growth being located at the point of transition 
between the blade and the stipe. As successive segments become 
detached, the intervening parts of the keel elongate to form inter- 
nodes ” [i) whereby the individual blades become spatially separated. 
According to Brandt ((18) p. 40) a frond lives for 4-7 months. Loose- 
lying forms are recorded in New Zealand ((216) p. 338). 

The development of MacrocystiSy like that of LessomUy is therefore 
effected by successive splitting of the primary blade, but of the two 
segments thus formed in Macrocystis one remains arrested, while the 
other (the outer) continues to develop ; the successive pedicels of the 
favoured segment combine to form a sympodial stipe which bears the 
other, narrower segments along its inner side (fig. 74 A, D, E). 
Before the segments of the functional blade become free (fig. 74 C), 
the basal portions enlarge to form the air-bladders {b)y while the short 
stalks of the blades [p) develop subsequently. Surface-growth of the 
blades continues for some time and leads to the characteristic corru- 
gation, while the two-ranked arrangement is due to a subsequent 
readjustment. In robust plants other long shoots may arise by the 
further development of some of the first-formed inner segments. 

The sori ((29), (66), (68) p. 62, (179) p. 104, (182)) are usually formed on 
the blades of short forked shoots arising at the base of the plant and 
remaining deeply submerged. These fertile shoots do not exhibit the 
one-sided development that characterises the sterile ones, and in 
habit they are much like one of the smaller species of Lessonia. Sori, 
however, also occasionally occur on the ordinary blades at the water- 
surface ((179) p. 105) ; in either instance they lie mainly in the furrows. 

It is not without interest to compare Macrocystis and Nereocystis, 
In the former the primary stipe remains quite short, while its 
branches unite to produce sympodial stipes of great length. In 
Nereocystisy on the other hand, it is the primary stipe that continues to 
grow, whilst the forks themselves remain quite short. Irx the former, 
flotation is secured by a bladder at the base of each blade, in the latter 
by a single bladder at the summit of the main stipe. 

Pelagophycus ((9) p. 6, ( 65 ), ( 164 ), (171); Nereocystis gigantea Axesch. 
(7), (35) p. 7), confined to a small part of the coast of California, has a 
habit rather like that of Nereocystis. The stipe, usually 6-10 metres 



212 


LAMINARIALES 



long, is surmounted by a large spherical air-bladder, beyond which it 
forks into two equal horizontal arms, each bearing at intervals 4-6 
delicate secondary blades attached by slender stalks and reaching a 
length of 6 metres. The blades are formed by unilateral splitting of the 
two primary blades in much the same way as in Macrocystis and form 
the sori ((65) p. 345) at their tips. Large individuals are stated to reach 
a length of 45 metres ((42) p. 475). 


B 

Fig. 75. A, Macrocystis and B, Egregia Menziesii (Turn.) Aresch., low tide 
Monterey Peninsula, California. (Photos F. E. Fritsch.) 
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The monotypic and perennial Lessoniopsis ((54) p. 9, (134) p. 25; 
Lessonia littoralis Farl. & Setch. (106)) is distinguished from other 
Lessoniaceae by the differentiation of fertile and sterile blades 
(fig. 76 F). The former (/) are broad and oval, with a sharply de- 
marcated stalk, and bear the sori (so) on both surfaces. The sterile 
blades (v), on the other hand, are narrow and strap-shaped and merge 
gradually into the stalk. They are usually provided with an ill-defined 
midrib (fig. 76 C, r) and segment by the formation of repeated splits 
(si) through the latter, whereas the fertile blades show no division. 
These sporophylls ((ss), (176) p. 632) are outgrowths from the stalks 
of the sterile blades and develop in pairs from the transition region 
year after year. The short firm, often deeply furrowed, stipe bears at 
its summit numerous branches, produced by successive splitting, as 
in Lessonia\ older plants may bear as many as 800 blades ((106) p. 320). 
Like Postelsiay Lessoniopsis grows above low-tide limit in situations 
exposed to strong surf, although it usually occurs at a lower level than 
the former. 


The Family Alariaceae 

The series of forms included in this family are, like Lessoniopsisy 
characterised by the restriction of the sori to special sporophylls, but 
the ordinary vegetative fronds do not here undergo splitting. The 
sporophylls arise as outgrowths, either from the stipe or from the 
margin of the blade. The young plants are again of the saccharina 
type (fig. 76 D). 

The most familiar member of this family is Alaria (158,206), the 
main centre of distribution of which appears to be in the Arctic and 
the Northern Pacific, although a number of species are found in the 
North Atlantic. Of these, A. esculenta ((64) pi. 79), popularly called 
Badderlocks or Henware, is not uncommon in exposed situations near 
low-water mark, though usually growing submerged. All species of 
Alaria are perennial. The relatively short stipe (fig. 76 E, st) bears an 
elongate lamina, which often possesses a wavy margin (cf. fig. 76 A) 
and is decurrent on to the stipe; the blade is traversed by a stout 
midrib (r) which appears as an upward continuation of the stalk. 
During summer the latter produces in acropetal succession near its 
upper end two rows^ of thick tongue-shaped sporophylls (fig. 76 A, 
E, s) which, after the maturation of their sori, are shed during autumn 
and winter, leaving small scars on the stipe. At this time of the year 
the blade becomes torn into segments perpendicular to the midrib 
(fig. 76 G, o.b) and ultimately wears away more or less completely; 
fresh growth in the transition zone early in the following season leads 
to its replenishment (cf. below). New sporophylls sprout out above 
those of the preceding season. 

^ The rows are sometimes double in A. esculenta^ according to Sauvageau 
((156) p. 223). 



Fig. 76. A, Alaria ohlonga Kjellm., habit. B, Undaria pinnatifida (Harv.) 
Kjellm. C, F, Lessoniopsis littoralis (Farl. & Setch.) Reinke; C, upper part of 
a vegetative blade; F, small part of a mature plant. D, E, G, Alaria esculenta 
(L.) Grev. ; D, lower part of young plant; E, basal part of older plant; G, blade 
renewal. /, fertile blade; /z, hapteron; nb, new and 06, old blades; r, midrib; 
Sy sporophyll; 5 /, slit; so, sorus; st, stipe; t, transition zone; v, vegetative 
blade; w, wing. (A, B after Kjellman; C-F after Reinke; G after Rasmussen.) 
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The mode of renewal of the lamina in A. esculenta and other species 
seems to take place somewhat differently in different localities. Thus, 
on Scandinavian shores ((9) p. 16, (129) p. 195, (195) p. 7) the old blade 
wears away almost completely before the new one is formed and in the 
last months of the year the lamina is represented by the remains of the 
midrib. On French and British shores, on the other hand, as well as in 
other regions ((131), (142) p. 113, (206) p. 49), renovation of the lamina 
takes place more as in Laminaria, since here the old blade persists until 
the new one has grown to a considerable size (fig. 76 G). Various 
authorities ((14) p. 450, (16), (42) p. 481, (12s), (156) p. 221) affirm that 
growth in the transition zone is continuous and that the blade is re- 
plenished basally in the same measure as it wears away apically. 
According to Yendo (206) the Japanese Alarias last for only two years. 

The midribs and sporophylls of A. esculenta, which have a sweet 
insipid taste, were occasionally consumed in the seventeenth century in 
parts of Scotland (184), while in Kamschatka the midribs of A. fistulosa 
are eaten ((206) p. 58). The blade of the former may reach a length of 
6 metres ((183) p. 283), although the stipe does not exceed 30 cm. ; the 
sporophylls may be 25 cm. long, with a width of about 2 cm. The 
largest species appears to be the North Pacific A. fistulosa Post. & Rupr. 
((126) pi. 16), with blades up to 25 metres long and as much as 230 cm. 
wide ((42) p. 481, (175) p. 275, (176) p. 644, (206) p. 12); the midrib is in 
great part hollow, its successive chambers being separated by partitions 
composed largely of hyphae (78). The species of Alaria favour habitats 
exposed to surf (183) and Macmillan (108) describes forms of A, nana 
Schrader which, in their short sturdy habit, recall the Postelsias with 
which they are associated. 

Some species (A. marginata Post. & Rupr.) have relatively large 
sporophylls and in this respect approach the monotypic Pterygophora 
((9) p. 1 1, (104) p. 1 14, (107), (144) p. 73, (172) p. 96). Here (fig. 77 A) the 
long woody stipe {st), rounded at the base but gradually flattening 
above, bears sporophylls (s) reaching a length of metres and forming 
sori largely at their base. The terminal blade {v), which may likewise 
become fertile, is not much longer than the sporophylls. It is often in 
large part disintegrated, although, as in Alaria, it may subsequently 
regenerate from the base. New sporophylls are produced in each season 
above those of the preceding year. 

In Undaria {Ulopteryx ((86) p. 274, (118), (186) p. 77, (204) p. 704; figs. 
76B; 77 C), thespecies of which are confined to Japan (see map 2, p. 252), 
the lower part of the lamina bears pinnately arranged outgrowths, 
whilst the flattened stalk is provided with an undulate wing (w) upon 
which the sori are produced. To this genus Okamura(ii8) refers 
Laminaria Peterseniana Kjellm. ((86) p. 267, (n?) p. 98), as well as 
Yendo’s(2oi) genus Hirome, The latter (fig. 77 B) is distinguished by the 
fact that sori (50) are also developed on the blade. Sauvageau ((156) p. 4) 
suggests that it may be a hybrid. Yendo ((206) p. 73) considers that the 
genera Hirome, Undaria, Alaria, and Pterygophora form a series in 
which the production of special fertile zones or sporophylls from the 
stalk becomes progressively more marked. 




Fig. 77. A, Pterygophora californica Rupr., habit. B, Hirome sp., diagrammatic 
representation of a plant. C, Undaria sp., ditto. D, Ecklonia bticcinalis (L.) 
Homem. bl, blade; h, hapteron; r, midrib; 5, sporophylls; so, sorus; st, stipe; 
Vy vegetative blade; ve, air-bladder; zv, wing. (A after Setchell & Gardner; 
B, C after Yendo; D after Delf.) 


In other Alariaceae the sporophylls arise as marginal pinnations of 
the lamina. In the Californian Eisenia arbor ea ((7) p. 68, (9) p. 7, 
(146) p. 431, (163), (165), (170), (200)) they appear already in the young plant 
(fig. 78 B) and, whilst the apex of the primary blade (fig. 78 C, h) 
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gradually wears away, the pinnae themselves (s) enlarge and become 
as big or even bigger than the main blade. At this stage the lower 
margins (/) of the latter become inrolled and, as this happens, the 
enclosed margins thicken (cf. Hedophylluniy ArthrothamnuSy p. 200). 



Fig. 78. Eisenia arbor ea Aresch. (after Setchell). A, incurving of margins of 
primary blade; B, young plant; C, older stage, with well-developed pinnae. 
by vegetative blade ; hy hapteron ; /, inrolled basal margin of blade ; s, sporo- 
phyll; sty stipe. 

Ultimately, when the primary blade has worn down to its very base, 
the involuted margins constitute two arms at the top of the stipe 
(fig. 78 A). The formation of pinnae is now transferred to secondary 
meristematic zones at the tips of these arms, but the original meristem 
persists at the top of the stipe which continues to grow in length. 
It becomes a stout and fairly rigid structure flattened near the top. 
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The sori form elongate patches on the basal parts of the sporophylls. 
Another species, E. Cokeri Howe ((68) p. 55), recorded from Peru, is 
only doubtfully distinct ((67) p. 34), but a further characteristic form 
is the Japanese E, bicyclis (Kjellm.) Setch. ((119) pi. 238, (170) p. 128, 
(200) ; Ecklonia bicyclis Kjellm. (86) p. 269), in which the sporophylls 
may themselves be pinnate. 

The species of Ecklonia ((9) p. 12, (116), (187)), principally represented 
in the Southern Hemisphere (see map 2, p. 252), are well illustrated 
by E. buccinalis^ (fig. 79 A), the Bamboo Seaweed of South Africa ((27), 
(126) pi. 2, (213)), which somewhat resembles Nereocystis in habit (cf. also 


A B 



Fig. 79. A, Ecklonia buccinalis (L.) Hornem., 1/20 natural size (photo: 
M. A. Pocock). B, Egregia Menziesii (Turn.) Aresch. (photo: F. E. Fritsch, 
Monterey Peninsula, California). 


fig- 77 D), although the numerous blades are produced in quite a 
different manner. The hollow erect stalk, which may be 5 or more 
metres in length, enlarges at its summit {ve), but the primary lamina 
(bl) remains small and the greater part of it often wears away. The 
basal portion, however, persists and from it there grow out in acro- 
petal succession numerous long narrow sporophylls {s) bearing 
irregular sori. Some species propagate by stolons ((119) pi. 140). 
Young plants (fig. 79 A, g) show resemblance to those of Eisenia. 

The greatest elaboration among Alariaceae is attained by Egregia 
((7) p. 66 , (9) p. 3, (115), (130), (144) p. 70), the species of which form 

^ According to Papenfuss ((213), p. 16) the correct name of this species is 
E. maxima (Osbeck) Papenf. 
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extensive meadows at and below low-water mark on the western 
coasts of North America (fig. 75 B). Young plants of E, Menziesii 
((54) p. 17) are of the customary type (fig. 80 C), but at an early stage 
short flat ligulate segments (/) sprout out from the lower margins of 
the blade {b) and from the flattening stipe {st). The intercalary meri- 
stem contributes but little to the enlargement of the blade which 
ultimately wears away completely, whilst the flattened stalk (fig. 80 A, 
St) exhibits continuous elongation, at the same time producing more 
and more lateral outgrowths (/). 

The considerable branching is effected mainly from the basal parts 
of the thallus, where some of the outgrowths develop into long shoots 
(fig. 80 A, br). These likewise bear numerous marginal appendages 
and may grow to a length of more than 8 metres (fig. 79 B). Cylindrical 
at the base, they are markedly flattened (fig. 80 A, /) throughout the 
greater part of their length and, in older plants, numerous perfora- 
tions often appear in these band-shaped structures, while they are 
densely covered with blunt papillae (/>). The short laterals function as 
photosynthetic organs, and in E. laevigata^ found in Lower California, 
vary from simple linear blades to pinnate structures with filiform 
segments (fig. 80 D). Here and there the base of one of the laterals 
swells up to form an air-bladder (fig. 80 A, B, a). Those that function 
as sporophylls (fig. 80 D, sp) are wrinkled pod-shaped structures 
bearing the sori between the ribs. 

Except for the somewhat aberrant genus Chorda} the diverse sea- 
weeds surveyed in the preceding pages all appear as post-embryonal 
modifications of a central type resembling such a form as Laminaria 
saccharina (54, 134). Subsequent elaborations are due, on the one hand, 
to progressive splitting affecting either the lamina only and leaving 
the meristem intact (Laminariaceae) or extending also into the region 
of the latter with a resulting segregation of the same into numerous 
separate entities (Lessoniaceae), the latter process admitting of 
especially striking developments. On the other hand, in the Alari- 
aceae, elaboration is largely due to the development of outgrowths 
from the stipe or lamina, such outgrowths being frequently diverted 

^ Adenocystis ((4s) p. 43, (60) p. 179, (61) p. 218, (62) pi. 48, (83), (95) p. 305)> ® 
common Antarctic littoral form ((214) p. 59 )> with a stalked vesicular thallus of 
no considerable dimensions (fig. 71 G), was referred by Kjellman ((85a) p. 255) 
to Laminariaceae, while Oltmanns ((122) p. 66) includes it in Encoeliaceae and 
Skottsberg ((179) p. 39) in a special group Adenocystideae among Ectocarpales. 
Young stages, described by the last ((180), p. 40), show considerable re- 
semblance to those of Chorda ; they possess an apical hair, later replaced by a 
group of hairs sunk in a depression ((113) p. 62). Somewhat older plants are 
much like a young Laminaria. The mature thallus forms an almost continuous 
sorus of unilocular sporangia with intervening paraphyses. A very similar 
form described by Skottsberg ((170) p. 6, (180) p. 42) as Utriculidium, bears 
plurilocular sporangia ; should his suggestion that the latter may represent the 
sexual generation of Adenocystis prove to be true, a reference to Laminariales 
is clearly out of the question. 
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to reproductive functions. The splitting of the lamina, as well as the 
perforations that occur in more than one evolutionary series, are no 
doubt adaptations admitting of the production of a large photo- 
synthetic surface capable of resisting the rough seas to which the 
thalli are often exposed. The elaborate holdfasts (fig. 65 N), with pro- 



Fig. 80. Egregia Menziesii (Turn.) Aresch. A, basal part of older plant; 
B, part of a branch enlarged; C, young plant; D, part of a branch with sporo- 
phylls {E. laevigata ?). a, air-bladder; b, primary blade ; hr, branch ;/, flattened 
region of branch; h, hapteron; 7 , lateral; p, papillae; sp, sporophyll; st, stipe. 
(A, C after Fallis; B, D after Reinke.) 

duction of increasing numbers of branched haptera as the thallus 
enlarges, are well suited for anchorage in such a habitat, while the 
strong, though flexible, construction of the stipes (cf. below) admits 
of display of the blades to the best advantage. 

Before proceeding to consider the internal structure, certain 
features of the growth of Laminariales may be noted. Elongation of 
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the stipe and much of the enlargement of the lamina are due to the 
meristematic region in the transition zone, but, apart from annual 
forms with a long stipe {Nereocystis{32)y (39)), the growth of the latter 
is inconsiderable compared with the increase of the lamina. In a 
perennial Laminaria^ Alaria^ etc. the greater part of the stalk consists 
of mature tissue, except in so far as there may be secondary activity 
leading to increase in thickness (p. 232). In the latter part of the season 
most of the lamina, too, is no longer enlarging, but during and soon 
after the time of blade-renewal an extensive basal region is in vigorous 
growth and further additions to the base of the blade may be made 
from the transition zone during the whole of the vegetative season. 
With the approach of winter this activity is arrested and it is then as 
a rule that the sori are produced (cf. also (30) p. 178). 

The growth of the stipe of Nereocystis is very rapid, about 2*5 cm. 
per day during July (177) and probably more than that in younger stages 
((39) p. 144). According to Fallis (33) the maximum growth of the blade 
in Laminaria^ Alaria^ Costarioy etc. takes place in the widest part near 
the base. The rate increases rapidly for a short distance above the base 
and beyond that again decreases. The rate of growth during the day is 
almost double that at night. The average daily growth recorded by 
Fallis is 2-85 cm. in Laminariay 2*23 cm. in Alaria, and 2*04 cm. in 
Costariay these increments being largely due to the lengthening of the 
blades. According to Sauvageau ((156) p. 205) Chorda filum can reach a 
length of four metres in 4 months, while growth of the new blade of 
Laviinaria Cloustoni ((156) p. 190) is estimated at 0-5 cm. per day and 
plants of this species can reach a height of one metre in the first year 
((-2io) p. 328). Lemoine ((102) p. 5) found in young plants of L. saccharina 
a growth of only 2-4-3'7 cm. and in older ones of 2-5 2 cm. per month, 
but on the Welsh coast plants reach a length of 30 cm. in less than 
3 months. The breaking strain of the stipes is considerable ((28), (73) p. 
193) and plants are often detached complete during storms ((80) p. 493). 


THE ANATOMICAL STRUCTURE OF THE SPOROPHYTE 

{a) Chorda 

The zygotes of Chorda ((6) p. 15, (77) p. 108, (93) p. 25, (94) p. 72, 
(133) p. 37), like those of other Laminariales, divide transversely to 
produce a short thread (fig. 81 B-E, e)y the basal cell of which 
lengthens into a rhizoid (r). A distinctive feature lies in the appear- 
ance of one or more apical hairs (fig. 81 F, G, h)y which may develop 
while the embryo is still a simple filament. The first longitudinal 
walls (fig. 81 F, G) arise in planes at right angles to one another and 
divide the upper cells into quadrants; this is followed by transverse 
division and subsequently by the formation of radial and tangential 
longitudinal walls. Meanwhile a large number of the lower cells grow 
out into septate rhizoids (fig. 81 H, r). 



Fig. 8i. Chorda filum (L.) Lamour, A, habit; B-F, young plants of suc- 
cessive ages, still attached to the gametophyte (g); G, apex of a somewhat 
older plant; H, base of ditto; I, part of longitudinal and J, of transverse 
section of mature thallus; K, small part of a sorus in longitudinal section. 
by basal cell ; c, cortex ; ch, chromatophore ; co, cross-connection ; dy attaching 
disc; By embryo; g, gametophyte; hy hair; hyy hyphae; m, medulla; o, 
oogonium; p, paraphysis; r, rhizoid; j, surface-layer of thallus; spy spo- 
rangium; Wy wall of oogonium. (A after Newton; B-H after Kylin; I-K after 
Reinke from Oltmanns.) 
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The parenchymatous cylinder thus produced at first shows little 
differentiation, but soon a transverse meristematic zone is established 
near the top of the germling ((93) p. 27). By its activity new tissue is 
added both above and below throughout the summer, although that 
above the meristem dies away sooner or later. Sections through the 
meristematic zone display a central group of cells formed from the 
original parenchymatous cylinder and a wide outer zone with radially 
arranged elements which no doubt originate by repeated tangential 
division of the surface-layer (meristoderm, cf. p. 226). Below the 
meristem the surface-cells undergo abundant anticlinal division, 
while the inner cells fail to divide and become more or less pro- 
nouncedly elongated. The marked surface-enlargement is probably 
directly responsible for the development of the central hollow. 

In sections of the mature thallus ((93), (133) p. 35; fig. 81 I, J) the 
surface-layer (s) of isodiametric or palisade-like cells, with abundant 
chromatophores, is followed by one or two layers, the cells of which, 
though almost equally narrow, are markedly elongate. The greater 
part of the wall of the hollow thallus is, however, composed of wide 
elongate cells (c), which become narrower towards the interior. Here 
this cortex suddenly gives place to a system of very narrow elongate 
threads (m), which exhibit the characters of “ trumpet-hyphae ” 
(p. 231). A quantity of ordinary hyphae {hy) arise from the inner cells 
of the cortex and, growing mainly in the horizontal direction, extend 
into the hollow; they become aggregated at fairly even intervals to 
form bridging diaphragms. The hyphae are stated to contain chro- 
matophores ((74) p. 19). At intervals the surface of the thallus bears 
tufts of colourless hairs (h). 

The central hollow contains mucilage and gases which may cause 
local inflations. The marked tensile strength of the thallus is ascribed 
by Pringsheim (127) to the wide cortical cells, the walls of which exhibit 
two sets of striations, visible at a different focus and accompanied by 
slit-shaped pits. The inner striations give the inner margin of the wall 
a furrowed contour, while the outer ones are due to undulation of the 
surface of the inner layers. When a piece of the thallus is allowed to 
dry, it becomes markedly contorted, so much so that it may appear 
8-shaped in section. 

{b) The early Development of other Laminariales 

The embryonic stages have been studied in numerous Laminariales^ 
and in general show considerable uniformity. The zygotes commonly 
germinate while still adhering to the empty oogonium (fig. 82 B, C, 
I, 0), which is often perforated by the first rhizoid. The lengthening 
zygote undergoes transverse septation to produce a short erect thread 

^ See (18) p. 4, (30), (76), (79), (92) p. 558, (104) p. 128, (128), (147), (154), (156), 
(204) p. 692, (213) p. 18. 
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Fig. 82. Early development of Laminariales. A, Costaria costata (Turn.) 
Saund., germling. B-F', L, Saccorhiza bulbosa De la Pyl. ; B, C, early seg- 
mentation of germling, 1-4 in B the first-formed cells, those marked a-d 
equivalent in B and C; D, older germling; E, F, F', transverse sections at 
progressively higher levels through the stipe in the order F, F', E ; L, trans- 
verse section through the blade of a young plant. G-I, Laminaria digitata 
(L.) Lamour. ; G, longitudinal section through young blade; H, longitudinal 


DEVELOPMENT OF EMBRYO 


225 

(fig. 90 A, Q, em)y the cells of which divide by longitudinal walls 
chiefly orientated in the vertical direction (fig, 82 A-D, I); this results 
in a flat one-layered expanse which is usually broader above than 
below. The first rhizoid is soon supplemented by others emanating 
from the lower cells of the germling. The rhizoids may be septate 
((156) p. 59) or non-septate ((204) p. 696, (213) p. 19); in Alaria (128) they 
are branched. 

The polarity of the young plants of Egregia is determined by the 
direction of the incident light (ns), while according to Williams (198) the 
filamentous embryos are positively phototropic. Longitudinal division 
may set in at an early stage ((128) p. 14) or a uniseriate filament of 6-8 
cells may first be formed ((156) p. 153). According to Yendo ((204) p. 693) 
the filamentous embryos of Costaria show apical growth. 

Sauvageau ((156) p. 56) describes a definite sequence of division in 
Saccorhiza bulbosa (fig. 82 B). The two uppermost cells (3, 4) of the 
four-celled thread first produced undergo longitudinal septation to 
form the one-layered apex of the young blade (fig. 82 C, bl), while the 
two lower ones (r, 2) exhibit a further transverse division. The basal 
cell (a) develops into a rhizoid, the next above (b) furnishes the lower 
part of the future stipe, the uppermost (d) produces the basal part of 
the young blade, while the third from below (c) gives rise to the inter- 
calary meristem of the transition zone. So clear a differentiation does 
not appear to occur in the embryos of other Laminariales. 

Sooner or later longitudinal walls are formed also in other planes in 
the basal part of the embryo, whereby the cylindrical stipe is initiated 
(fig. 82 F, I); meanwhile abundant division is taking place in the 
region of the lamina which, however, for some little time usually re- 
mains monostromatic, Meristematic activity now begins to concen- 
trate at the base of the lamina (transition zone) and from then onwards 
plays an important part in the further enlargement of blade and stipe 
((156) p. 59, (204) p. 695). The meristematic zone is at first only a trans- 
verse row of cells, but it soon becomes more extensive. Over an 
increasing area of the central portion of the blade, extending outwards 
from the transition zone, the lamina becomes first two-, then three-, 
and then four-layered (cf. fig. 82 G). Both marginal and apical 
regions, however, appear usually to remain one-layered, at least for a 
considerable length of time ((30) p. 186, (156) p. 73, (161) p. 198, (204) 
p. 698). Various authorities ((51) p. 660, (79) p. 447, (156) p. 64, (195) 
p. 28) state that the young blade possesses a marginal meristem which 


section through a young germling in a plane parallel to the surface of the 
blade; I, germlings of various ages, still attached to the gametophyte. 
J, K, Macrocystis pyrifera (Turn.) Ag., transverse sections of young blades. 
aXj axial cells; W, blade; cOy cortex; m, meristoderm; we, medulla; mUy 
“cellule multiclave'*; o, oogonium; r, rhizoid; s, solenocyst. (A after Yendo; 
D after Thuret; G, H after Killian; J, K after Skottsberg; the rest after 
Sauvageau.) 

FA.ii 16 



226 


LAMINARIALES 


contributes to its enlargement/ but there is also appreciable surface- 
growth effected by crosswise anticlinal division of the cells of the two 
superficial layers ((is6) p. 64), while the inner ones enlarge to keep pace 
with this growth (cf. 82 L). 

The early development of the stipe has been followed by Sauvageau 
((156) p. 99) in Saccorhiza bulbosa. After the primary cells have 
divided into quadrants, periclinal walls (fig. 82 F) cut off a peripheral 
layer (m) from a central group of cells {ax)^ which show no further 
division and constitute the first medullary elements. The peripheral 
layer, however, remains actively meristematic, segmenting by anti- 
clinal, and especially by periclinal, walls (fig. 82 E, F') and giving rise 
to a cortex {co) from which further additions are progressively made 
to the medulla (cf. below); by degrees the inner cells develop thick 
mucilaginous walls (cf. also fig. 82 H). The surface-layer of actively 
dividing cells may appropriately be designated by the name of meri- 
stoderm proposed by Sauvageau ((156) p. 99). 

(c) The Structure of the Stipe ^ 

In transverse or longitudinal sections of an older stipe of a Laminaria 
or Alariay taken at or near the transition zone, it is generally possible 
to distinguish four regions (fig. 83 A; cf. also fig. 86 B). At the surface 
is the actively dividing meristoderm {m) just considered, followed 
internally by one or more layers of similar small cells. The meri- 
stoderm is covered by a mucilage-layer (mu) occupying the position 
of a cuticle. Internal to this small-celled tissue follows an outer cortex 
(oc) of somewhat wider and paler cells, which are markedly elongate, 
but show no pronounced thickening of the wall ; the cells commonly 
have pointed ends and exhibit frequent horizontal septa. Further to 
the interior lies the inner cortex (fc), the cells of which are longer and 
have square ends, while the longitudinal walls show increasing 
gelatinisation ; the cells of this region, too, exhibit numerous hori- 
zontal thread-like outgrowths (cross-connections and hyphae, hy ; cf. 
below). The centre of the stipe is occupied by a mass of tangled 
threads, constituting the medulla {me), which is commonly oval or 
elliptical in cross-section (see fig. 85 N). It is not possible to draw a 

^ In the young frond of Laminaria Lejolisii Sauvageau ((156) p. 173) 
describes a group of apical cells; the activity of which is, however, limited to 
the formation of the mucronate tip which here crowns the young blade. The 
growth of the young lamina in Costaria costata is, according to Yendo ((204) 
p. 695), due to the division of two initial cells situated beneath the apical 
cap. 

* See (5i) p. 657, (los) p. 284, (107) p. 734, (in), (122) p. 154, (126) p. 7, (132), 
(138) p. 1 13, (161) p. 196, (179) p. 1 16, (181) p. 573, (188) pp. 299, 309, (195) p. 1 1. 

I have also through the kindness of Dr J. W. G. Lund been able to consult a 
manuscript containing preliminary results of his investigatiomof the structure 
of Laminaria, 



STRUCTURE OF STIPE 227 

hard and fast limit between the different regions, since they grade 
over into one another. 

When active growth is proceeding, the cells of the meristoderm at 
the level of the transition zone have a palisade-like shape (fig. 83 C, I, 
m) and exhibit frequent tangential septation, with simultaneous radial 
divisions so that the cells remain small. They contain numerous small 
chromatophores and evidently constitute a photosynthetic layer. The 
cells cut off internally rapidly widen to form the outer cortex and 
lengthen, often assuming a more or less spindle-shaped form 
(fig. 83 D) and, since there is no corresponding increase in chromato- 
phores, the cells appear paler. The elongation of these cells is often 
accompanied by the appearance of a number of thin horizontal septa 
{$) so that each cell gives place to a vertical row. 

Towards the interior of this tissue (fig. 83 E, K) the longitudinal 
walls commence to thicken and there is a gradual passage to the inner 
cortex. The thickening is due to mucilage, which is stated to be 
formed from the middle lamella ((188) p. 300). The vertical files of 
cells constituting the inner cortex (fig. 83 A, ic) thus become separated 
by increasingly wide tracts of mucilage, except at certain points where 
there is no gelatinisation (fig. 83 D, K, L, p ) ; these pits are often in 
the main situated on the tangential walls ((194) p. 67). As the inner 
cells separate more and more, the pits between them become hori- 
zontally extended and form short cross-connections which may be- 
come septate (fig. 83 E, K, co). This mode of formation of cross- 
connections has been described by several investigators ((138) p. 115, 
(161) p. 200, (193) p. 804, (195) p. 12). 

According to Killian ((79) p. 450; cf. also (138) p. 116), however, 
such structures are only of a temporary nature and most of the 
numerous cross-connections , seen in the inner cortex and the medulla, 
arise by the fusion of papillose protrusions (fig. 84 A, B, p) formed at 
corresponding levels on the longitudinal walls. These outgrowths 
originate from small cells cut off by an oblique septum at the upper 
end of the parent-cell, although later most of them come to lie opposite 
the horizontal walls between successive cells (fig. 84 A, />). These 
structures grow towards one another (fig. 84 B) until they meet and 
thereupon elimination of the separating walls takes place just as in a 
process of conjugation (fig. 84 C, co), although there is no fusion of 
nuclei. The cross-connections thus formed elongate in the same 
measure as the vertical rows of cortical cells separate and, as 
this happens, the former undergo septation (figs. 83 F, co\ 84 E, 
G, co). 

Meanwhile, as the inner cortex is supplemented from the outer, 
its innermost elements are added to the medulla, while further contri- 
butions are made to the outer cortex by the operation of the superficial 
meristem. Continuous formation of new cross-connections takes 
place in the inner cortex so that at its inner limit and in the region of 
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the medulla a complete longitudinal network is produced (fig. 84 G). 
The mode of origin of cross-connections described by Killian 
is also reported by Sauvageau ((156) p. 123) in SaccorhizUy but it 
remains to be established whether it is of general occurrence among 
Laminariales. 

Somewhat later there begins the development of the structures 
known as hyphae ((161) p. 201, (19s) p. 14), which differ essentially from 
the cross-connections only in the absence of fusion with a corre- 
sponding outgrowth.^ Hyphae can apparently grow out directly from 
the cells of the inner cortex (fig. 83 L), but, according to Killian 
((79) p. 454), those of Laminaria arise, like the cross-connections, from 
small cells cut off in the middle of the cortical elements. The hyphae 
develop into slender, often branched ((122) p. 154, (193) p. 806) threads 
of considerable length, which grow mainly in the radial direction into 
the copious mucilage of the medulla (fig. 83 A, B, hy). Here they 
commonly pursue a tortuous course so that it is difficult to trace them 
to their full extent. 

The medulla thus includes structures of three different kinds, viz. 
(a) medullary cells (fig. 83 B, F, L, t) derived from the innermost 
elements of the cortex and arranged in more or less evident longi- 
tudinal rows ; {b) cross-connections (co), primarily horizontal but later 
often pursuing an oblique course ; and (c) the numerous hyphae (by) 
which extend in all directions between the others, though prevalently 
radial. It is by no means always easy to distinguish these diverse 
elements from one another. Surface-enlargement and increase in 
width are taking place continuously in the transition zone and below 
it, so that there is a passive extension of the medullary cells and of 
their cross-connections, in both of which the capacity for growth is 
sooner or later lost. Since they undergo no further septation, the 
component cells are drawn out, and this is accompanied by a reduc- 
tion in width except at the septa, where the original dimensions are 
maintained. Many of the medullary elements consequently exhibit a 
characteristic widening at the septa (fig. 83 A, B, F, t), which is 
responsible for the customary designation of these structures as 

^ The statements that the hyphae can fuse with other elements ((188) 
pp. 300, 309, (195) p. 20) remain doubtful. 


Lessoniopsis littoralis (Farl. & Setch.) Reinke, transverse sections; G, thick- 
walled cells (/) at periphery of medulla ; H, entire sector. I-L, Alaria esculenta 
(L.) Grev., sections through the transition zone, J, transverse, the others 
longitudinal, the mucilage dotted; I, J, meristoderm and outer cortex; K, 
beginning of inner cortex; L, edge of medulla, co, cross-connection; hy, 
hyphae; ic, inner cortex; m, meristoderm; me, medulla; mu, mucilage; oc, 
outer cortex; p, pit; s, septate cortical cell; t, trumpet-like enlargement. 
(A after Oltmanns; B after Killian; C-F after Rosenthal; G, H after Mac- 
millan; I-L after Wille.) 
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Fig. 84. A-E, G, Laminaria digitata (L.) Lamour., origin (/>) and develop- 
ment of cross-connections (co) (after Killian). F, H-J, Saccorhiza hulbosa De 
la Pyl., details of medullary elements (after Sauvageau). a, “allelocysts’*; 
hr, branch; c, cortical cell; cy, “cylindrostyles**; mu, “cellules multiclaves**; 
s, “solenocysts**; t, constrictions on the latter. 
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trumpet~hyphae\ it appears, however, that the actual hyphae only 
rarely give rise to these elements. The surface-enlargement, leading 
to passive distention of the internal elements, often results in marked 
tensions between the outer and inner tissues ; strips cut out of a fresh 
stipe become curved with the outer surface on the convex side ((19s) 

p. 13)- 

The cells cut off internally by the meristoderm of the young stipe 
(fig. 82 E) show the characteristics of outer cortical cells, but, as these 
lengthen in relation to the surface-growth and more elements are 
added by the meristoderm, the innermost exhibit thickening of the 
longitudinal walls and develop cross-connections; in this way the 
inner cortex is initiated. With further widening of the stipe and out- 
growth of hyphae from the inner cortical cells, the medulla begins to 
differentiate, and thus the young stipe acquires the series of inter- 
grading tissue-regions that in later stages is met with especially in the 
transition zone. In the older plant increments to the various tissues 
appear to be made essentially only in this zone, since the primary 
regions above distinguished decrease in size as one passes for instance 
down the stipe of a Laminaria. The medulla seems to undergo little 
or no increase below the level of the transition zone and in the maturer 
parts there is usually a sharp boundary between it and the cortex 
(cf. (51) p. 647, (179) p. 70, (188) p. 302) (fig. 83 B). Increase in width 
of the stipe is here due to some further additions to the outer cortex, 
but mainly to special secondary activity (p. 232). It is not clear whether 
there is continued production of hyphae from the cells of the inner 
cortex in the older parts of the stipe, but this would appear to be so 
in certain instances ((79) p. 460). 

The meristem of the transition zone is therefore of such a nature 
that it gives rise progressively to the various tissues of the stipe in a 
horizontal direction and, where such differentiation ceases, there is 
little further increase in length and the tissues are essentially mature. 
Fallis’ data (p, 221) indicate that the region of elongation and differen- 
tiation is normally rather limited. The formative region of the stipe 
is, however, continuous with that of the lamina and there is no inter- 
ruption of tissues in passing from the one to the other ; the medulla in 
particular extends throughout the whole transition zone. This is 
probably the explanation why, despite the existence of an active 
meristem in this region, there is no mechanical weakening at the level 
of the transition zone. The latter differs appreciably from the maturer 
parts above and below only in the more gradual transition between 
cortex and medulla and in the marked evidence of elongation and 
horizontal septation in the outer cortical cells. In the more mature 
parts several layers of small cells with chromatophores commonly 
occur beneath the meristoderm ((195) p. 17). 

In certain Laminariales (e.g. Macrocystis ((138) p. 116, (179) p. 119; 
Lessoniopsis (106) p. 329) the meristoderm appears to remain in 
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operation throughout life, but in Laminaria ((133) p. 377), Lessonia 
((51) p. 647), Thalassiophyllum ((138) p. 141), Alaria ((37) p. 20), and 
Nereocystis ((105) p. 288, (lai) p. 100), for example, meristematic 
activity is subsequently transferred to a cortical layer, situated at a 
depth of about 4-8 cells beneath the surface. This secondary meristem 
brings about progressive increase in thickness of the outer cortex and 
the numerous cells it produces exhibit a radial arrangement. This 
secondary growth is responsible for the considerable thickness attained 
by the older stipes of Lessonia and of some Laminarias, The primary 
tissue towards the outside usually dies and is shed. 

In the perennial forms the activity of the secondary meristem is 
periodic and the wide outer cortex that is gradually produced usually 
shows a concentric zoning recalling the annual rings of higher plants 
(fig. 85 N); although clearly apparent to the naked eye, the rings ^ are 
often difficult to distinguish under the microscope. Their formation 
in Laminaria ((100), (122) p. 159), Pterygophora ((107) p. 735, (181) p. 577) 
and Lessonia ((51) p. 647) appears to depend on periodic differences 
in the colour of the cell-contents and the size of the cells, whilst in 
Thalassiophyllum (143) they are due to differences in the colour and 
thickness of the walls of the secondarily formed elements. It is still a 
matter of debate whether the successive rings represent annual incre- 
ments. For the Laminarias of the Norwegian coast Printz ((129) p. 186) 
relates them to the annual renewal of the blade and believes that each 
represents a yearns growth (cf. also (100) p. 553, (106) p. 326). Others (i6o) 
have brought them into relation with the formation of successive 
series of haptera. 

In the mature stipe the horizontal walls of the inner cortical cells 
usually show a number of pits which are commonly arranged in a ring 
(fig. 85 M, O) near the periphery ((138) p. 127, (181) p. 577, (188) 
pp. 303, 312); the pit-membranes are stated to be traversed by 
delicate cytoplasmic connections and similar plasmodesmae are re- 
ported in the septa of the hyphae and of the cross-connections ((194), 
(195) pp. 19, 48). Church ((22) p. 77) records numerous pits on the 
tangential walls in the secondary cortex. In the medulla and in the 
parts of the inner cortex immediately adjacent to it the cross- walls 
show a fine sieve-like pitting which is often very evident on the septa 
of the young trumpet-hyphae (fig. 85, L); such structures are often 
referred to as sieve-tubes. According to Sykes ((188); cf. however (181) 
p. 583) the young septum is traversed by numerous cytoplasmic 
threads (fig. 85 J), exhibiting a varied arrangement; in the older ones 
each thread becomes converted into a slime-string enclosed in a rod 
of callus. 

Sieve-tubes of a more distinctive type are found in the inner cortex 
of Macrocystis and Nereocystis (fig. 85 I; (los) p. 287, (121), (179) p. 119, 

^ Macmillan also describes rings in Lessomopsis ((106) p. 327) but here they 
appear in tissue formed from the meristoderm. 



Fig. 85. Pits and sieve-tubes of Laminariales. A-G, J, K, M, Macrocystis 
pyrifera (Turn.) Ag.; A, longitudinal section of inner cortex, with sieve- 
tubes; B, transverse section through inner cortex; C, young sieve-tube; 
D, older trumpet-hypha with much callus; E, F, two stages in development 
of a sieve-plate; G, part of a sieve-plate showing four stages (1-4) in the 
development of the pores; J, section of a young sieve-plate showing cyto- 
plasmic threads, partly in groups ; K, old sieve-tube, callus-deposit on side- 
walls; M, cross-section of cortical cell, showing the septum. H, O, Laminaria 
saccharina (L.) Lamour. ; H, sieve-plate from inner secondary sieve-tube; 
O, transverse section of inner cortical cell showing the septum. I, Nereocystis 
Luetkeana (Mert.) Post. & Rupr., diagram of cross-section of stipe showing 
position of sieve-tubes (f^). L, Alaria esculenta (L.) Grev., trumpet-hypha. 
N, Laminaria Cloustoni Edmonds., transverse section of stipe showing 
growth-rings, c, callus; hy, hyphae; m, medulla; />, pit; sp, sieve-plate; 
sty sieve-tube. (A after Oliver from Oltmanns ; B after Will ; I after Macmillan ; 
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(193) p. 825), and it might be better to restrict the name to these 
structures. In transverse sections (fig. 85 B) they appear as large and 
rather thick-walled elements (st) which are arranged in more or less 
distinct radial rows and are surrounded by dense masses of hyphae 
(hy ) ; the septa are differentiated as typical sieve-plates (sp) perforated 
by coarse pores. These structures do not show the widening at the 
septa that characterises the trumpet-hyphae of the medulla (fig. 85 A). 
In general they pursue a longitudinal course, although neighbouring 
ones are linked by short cross-connections, the septa of which are 
likewise differentiated as sieve-plates. The considerable width and 
specialisation of the cortical sieve-tubes of these two genera is perhaps 
to be related to the great length attained by the slender stipes which 
necessitates conduction over a long distance ((121) p. 113). 

According to Sykes (188) “sieve-tubes**, similarly disposed in radial 
rows, occur also in the inner cortex of Laminaria saccharina and 
probably of other species. These structures, however, exhibit neither 
the large size, nor the well-differentiated sieve-plates found in the sieve- 
tubes of Macrocystis and Nereocystis ; in fact, except for the absence of 
marked inflation at the septa, they resemble the trumpet-hyphae of the 
medulla. There can be little doubt that all these structures are homo- 
logous with one another and that, in the older parts of the stipes where 
no further additions to the medulla are being made, “sieve-tubes**, 
which have not been drawn out like the trumpet-hyphae, are dif- 
ferentiated in the inner cortex. It would seem, however, that this forma- 
tion of extramedullary sieve-tubes is limited to the innermost region 
of the cortex. 

In Macrocystis (iSS) the young sieve-plate (fig. 85 E) shows essentially 
the same features as the septa of the trumpet-hyphae. Later each 
primary cytoplasmic connection divides to form a group (fig. 85 F), 
each member of which forms its own callus-rod. Still later the indi- 
vidual strands of a group fuse to form a single slime-string (fig. 85 G ; 
1-4 are successive stages), and in this way the coarse pores of the sieve- 
plates are produced. 

Both in the cortical sieve-tubes and in the trumpet-hyphae of the 
medulla the older septa become obliterated by deposits of callus (fig. 85 
A, D, c; (121)). This appears to take, place centrifugally, since the 
medullary elements show such deposits at a time when the cortical ones 
exhibit few traces of them. In older trumpet-hyphae callus may be 
deposited almost throughout (fig. 85 K). The elements, which are thus 
obliterated, usually have appreciably thickened walls, the thickening 
consisting mainly of cellulose. 

Both the trumpet-hyphae of Laminariales as a whole and the sieve- 
tubes of Macrocystis and Nereocystis are no doubt conducting elements, 
which according to Rigg (136) are specially concerned with the transport 
of protein (cf. however (12)). Wille(i94.i9S) regards the cells of the cortex 
as storage and mechanical elements, and it is possible that in the young 
stipe they furnish the chief strengthening system (cf. also (28)). In the 
older plant, however, mechanical elements are principally located in the 
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medulla and the adjacent parts of the inner cortex and it is no doubt 
these which are responsible for the marked tensile strength of the stipes 
((is) p. 756). The oval medulla of the mature stalk of Alaria esculenta 
((195) p. 21) consists exclusively of strongly thickened cells. In Sacco- 
rhiza dermatodea Setchell ((i6i) p. 204) records, at the periphery of the 
medulla, a layer of fibre-like, thick- walled elements (between 3*2 and 
7*5 cm. long) which can be removed from the other tissues by macera- 
tion and extends without interruption through the transition zone from 
stipe to blade. Analogous structures occur in S, bulbosa ((156) p. 119) 
and Ptery gophor a {(lo^) p. 736), while a similar distribution of mechanical 
elements appears to obtain in Lessoniopsis ((106) p. 327 ; fig. 83 G, H, /) 
and to a less marked extent in Cymathere ((53) p. 91). These mechanical 
elements of the mature stipe are probably in most, if not in all, instances 
the trumpet-hyphae of younger stages which have become extremely 
attenuated, have undergone very extensive thickening of their walls, and 
have in part become filled with callus. Such changes are recorded in 
Alaria (19s), Nereocystis (105), Macrocystis and Laminaria (188). The 
medulla of Costaria ((181) p. 579) consists of nearly isodiametric cells. 

Sauvageau’s detailed description (156) of the anatomy of Saccorhiza 
bulbosa at various stages of development (cf. also (15s)) differs in certain 
respects from the accounts given for other Laminariales, and it is not 
altogether clear whether the differences are peculiar to this species or 
are the outcome of differences in interpretation. According to him 
(pp. 102, 1 16) the medullary cells (“solenocysts’^) multiply, already in 
the young stipe, by the formation of outgrowths which extend both in 
the upward and downward directions and enlarge until they reach the 
width of the parent-cells ; they may produce others in the same way. 
These medullary elements (fig. 84 F, H, 5), which may attain a great 
length and only rarely branch, are multinucleate and possess but few 
septa, although they show occasional constrictions (/) ; they are regarded 
as conducting elements (p. 124). Other outgrowths (“allelocysts**, 
pp. 104, 122), which arise from the medullary cells (cf. (10) p. 54), 
remain short (fig. 84 H, I, and appear to correspond to the hyphae 
and cross-connections (p. 123) of other investigators. In the medulla 
of the blade Sauvageau (p. 120) distinguishes longitudinal elements 
called “cylindrostyles’* (fig. 84 F, cy), composed of a number of 
elongate, thin-walled, multinucleate cells with few chromatophores ; 
they are believed to arise from the “solenocysts”. There can be no 
doubt that a comparative investigation of the histological structure of a 
number of Laminariales would furnish results of interest. 

{d) The Structure of the Lamina 

The mature lamina ((181) p. 581) shows the same basic structure as the 
stipe, but, owing to the great surface-enlargement, the elements of 
the medullary region are drawn out in all directions (fig. 87 E, me) and 
do not show the prevalently longitudinal course which is charac- 
teristic of the stipe. Moreover, except where special ribs are de- 
veloped, the inner elements exhibit a relatively loose aggregation. 
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The medulla occupies a rather narrow tangential zone, which is 
bounded on either surface by a cortex oc) composed of a limited 
number of cell-layers ; the inner cortex is often not clearly differentiated. 
The network of medullary cells and cross-connections found in the 
young blade (fig. 82 H, bl) soon loses its regularity as the latter 
enlarges. The rows of medullary cells are dragged out of their longi- 
tudinal course (cf. fig. 84 G), while many of the cross-connections are 
so much displaced that they may even come to run longitudinally 
((79) p. 452); in the older blade it is practically impossible to dis- 
tinguish the two kinds of structures. In Alaria ((195) p. 28) the medul- 
lary elements are mainly orientated at right angles to the midrib so 
that the blade tends to tear in this direction. Except in the midribs 
and other thickened parts, hyphae are not nearly as abundant as in the 
stipes ; they exhibit a far more irregular course. 

The early stages in the development of the blade have again been 
specially studied in Saccorhiza bulbosa by Sauvageau ((156) pp. 98, 
107, 109). According to him periclinal division of the surface-layer 
only takes place exceptionally (cf. also (132) p. 373, (19s) p. 29). The 
meristematic region at the base of the blade — at first merely a single 
layer (cf. p. 225), later composed of two and then of four or more 
layers — furnishes by the anticlinal division of the cells the successive 
layers forming the cortex of the blade. The cells of the superficial 
layer divide crosswise by frequent anticlinal walls, whilst the sub- 
jacent layer or layers, which owe their origin to the meristem of the 
transition zone and not to division of the surface-layer, merely en- 
large to keep pace with this surface-growth. Yendo ((204) p. 696) 
reports essentially the same in Costaria. 

The mode of origin of the medulla is scarcely clear. Sections of 
young blades, after the four-layered condition has been attained, show 
a central system of elongate elements (fig. 82 J, K, me) which exhibit 
no direct relation to the peripheral layers and afford no satisfactory 
evidence of origin from the latter (cf. (161) pp. 195, 205, (179) p. 123, 
(204) pi. 55, figs. 43, 44). Drew ((30) p. 187) and Killian ((79) p. 449) 
describe how the older germlings of Laminaria exhibit the gradual 
spread, from the transition zone upwards into the blade, of a dark area 
(fig. 65 G, H, m) marking the appearance of the first medullary ele- 
ments within the latter. This is in agreement with Sauvageau *s in- 
vestigations ((156) pp. 106, 1 1 5), according to which the medulla in 
the blade of Saccorhiza originates by the upward extension through 
the now elliptical transition zone of medullary cells (“ solenocysts ”) 
from the young stipe, their prolongations spreading out fan-wise 
within the mucilage between the cortical layers on the two surfaces 
of the blade. These observations furnish an explanation for the sharp 
contrast that is often evident, both in younger and older stages, be- 
tween the cortex and medulla of the lamina. Sauvageau (p. 107) states 
that the blade is always thicker at the base than above and this fact, 
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which is also true of Laminariay^ agrees with a penetration from the 
stipe of tissue-elements, which at a higher level, as a result of the rapid 
widening of the blade, become spread out between the cortical layers. 

A repetition of Sauvageau’s observations on Saccorhiza and other 
Laminariales is obviously indicated. The medulla does, however, also 
receive additions from the cortex of the developing blade, although 
the extent of such contributions is at present unknown. In Saccorhiza 
Sauvageau ((156) p. 109) describes the ingrowth of cortical cells into 
the medulla, the gap thus created in the cortex being filled by peri- 
clinal division of the surface-layer. The elements thus added to the 
medulla (“cellules multiclaves**, fig. 82 L, mu) are multinucleate and 
become very long without developing septa (cf. fig. 84 J, mu ) ; they 
produce numerous short and narrow branches {br) by means of which 
they communicate with one another, as well as with other elements 
of the cortex and medulla. 

Hairs are not as frequent as in most other orders of Phaeophyceae, 
but they occur on the blades of various genera {Alaria ((113), (19s) p. 36; 
Saccorhiza (113), (161) p. 202 ; Nereocystis (los) p. 291 ; Costaria (204) p. 701 ; 
Undaria (204) p. 706). They are colourless and show the customary basal 
growth, usually forming tufts, which in later stages commonly occupy 
shallow pits owing to rapid growth of the surrounding cells. Dyes 
penetrate very rapidly into these hairs ((195) p. 37). In Saccorhiza ((156) 
p. 1 16) the tufts often arise opposite the enlarged termination of a 
medullary cell (“solenocyst*’) which, according to Sauvageau, is con- 
tinuous from the stipe into the blade. In Alaria and Nereocystis the 
hairs disappear in the mature plants. 

In conclusion we may endeavour to form a general picture of the 
growth of a Laminaria or other similar, not markedly modified, 
member of Laminariales. The seat of active cell-division is doubtless 
in the vague region known as the transition zone which is usually 
approximately circular in section at the top of the stipe, but more or 
less markedly elliptical at the base of the lamina. At periods of active 
growth the surface-layer in this region is undergoing copious division, 
both anticlinal and periclinal. In passing to the maturer parts of the 
stipe division of this meristoderm gradually ceases. In the blade, how- 
ever, it continues to take place abundantly, although it is entirely or 
almost entirely anticlinal, so that great surface-enlargement occurs. 
The region of active cell-division in the transition zone is a hollow, 
and probably for the most part one-layered, cylinder which surrounds 
a core of mature or maturing tissue. All the cortical layers of the 
blade and young stipe are furnished from corresponding layers of the 

^ According to Lund (see footnote on p. 226) the considerable thickness of 
the basal part of the older lamina is due to a great development of the cortical 
region. He also finds that the new blade of Laminaria is thicker than the old 
(cf. however (167) p. 118) and that, as the former enlarges, it becomes pro- 
gressively thinner. This is almost entirely due to a decrease in the thickness 
of the medulla. 
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transition zone. The medulla of the blade arises pari passu with that 
of the stipe, as the first-formed medullary cells elongate in the up- 
ward and downward directions within the transition zone. It may well 
be that there is no direct extension of the medulla into the blade, but 
that, as additions are made to the four-layered base of the lamina, the 
latter acquires a medulla of elongate cells in the same measure as such 
a medulla differentiates in the transition zone. This picture endeavours 
to reconcile the diverse data to be found in the literature ; how far it 
corresponds with the actual state of affairs only detailed observations 
on living plants can show. 

{e) Mucilage-canals ((57), (138) p. 124, (193) p. 803) 

Mucilage-canals, which form an anastomosing system in the outer 
cortex, are met with in the stipes and blades of several Laminariales ; ^ 
in certain species of Laminaria (L. saccharina, L. digitata) and in 
Nereocystis and Cymathere ((181) p. 581) they occur only in the blades. 
As a general rule the canals of the stipe are arranged in a single layer 
in transverse section, but in L. Lejolisii ((25) p. 105), as well as in L. 
Cloustoniy they may form two rings ((156) pp. 161, 186), while in the 
older stipe of Macrocystis there are several concentric series ((179) 
p. 1 19). They are invariably situated on the outside of the secondary 
meristem above described. In the laminae the canals constitute 
separate systems on the two faces. 

In Laminaria ((57), (156) p. 179) the mucilage-canals develop 
schizogenously at the upper and lower ends of the transition zone, 
and this is no doubt true also of other Laminariales. They first appear 
between the surface-cells as narrow slit-shaped spaces (fig. 86 B, s), 
which are radially elongated and, as a result of the division of the 
meristoderm (w), gradually come to occupy a deeper position ; as this 
happens, they widen and become spindle-shaped. A few millimetres 
beyond the transition zone the mucilage-cavities undergo tangential 
enlargement and, as a result, they fuse with one another, both in the 
transverse and longitudinal directions, to form a continuous network 
(fig. 86 C), which varies considerably in the shape and size of the 
meshes ((57) p. 27). Simultaneously they become protruded on their 
outer side (fig. 86 A) and extend into the meristoderm, commonly 
penetrating to the surface, where they may even cause slight promi- 
nences ; there is, however, no evidence of a direct connection with the 
external medium. 

At the inner margin of the mucilage-cavities, not far beyond the 
place of their first formation, there appear small cells with a large 
nucleus and abundant granular cytoplasm (fig. 86 B, e). These multiply 

^ Mucilage-canals are lacking in Saccorhiza^ Alariay Pterygophoray Pleuro-- 
phycuSy Thalassiophylluniy Egregia, Costaria, Dictyoneurumy as well as in some 
species of Laminaria (e.g. L, Agardhii Kjellm.). 
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by division and gradually constitute an irregular layer over the inner 
surface of the space (fig. 86 A, e). In longitudinal sections, however, 
it is seen that these cells form isolated groups (fig. 86 C, e) and. 



Fig. 86. A-C, Laminaria Cloustoni Edmonds., mucilage-canals (after 
Guignard); A, in a transverse section of the stipe; B, in a longitudinal section 
through the transition zone; C, small part of the network, as seen in a tan- 
gential section of a young blade. D-F, Undaria pinnatifida Sur., var. (after 
Yendo), fucosan-cells ; D and F, in section, D young; E, surface-view, 
c, protuberance of mucilage-canal towards surface; c/z, chromatophore ; 
CO, cortex; ci/, cuticle; secretory cells;/, fucosan-receptacle ; m, meristo- 
derm; 5, secretory spaces and canals. 

although they have the characteristics of secretory cells, they do not 
produce a connected epithelial layer. Oliver (( 121 ) p. 100) describes 
the formation of tylose-like structures from these cells. 
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According to Guignard the secretory cells develop secondarily in 
Laminaria. In Macrocystisy however, Skottsberg ((179) p. 129) recog- 
nises them before the appearance of the mucilage-space, although, since 
the secretory cells do not keep pace with the radial elongation of the 
latter, they are subsequently found mainly at its inner margin. In the 
young lamina of Nereocystis the secretory cells form a complete invest- 
ment to the canal ((105) p. 290). The mucilage within the canals of 
Laminaria differs from that of the cell-membranes ((56), (123) p. 165). 
The large elements recorded by Gain ((45) p. 49) in the medulla of a 
Lessoniay and described as mucilage-canals, are of doubtful nature. 

Glands of a different kind occur in Undaria {203) y as well as in the 
young plants of certain species of Laminaria ((156) pp. 10, 177, 230) and 
Alaria. Those of Undariay which appear as dark dots thickly scattered 
over both surfaces of the lamina, are single cells of large size (fig. 86 D, 
F) situated in the hypodermal layer and formed by periclinal division 
of a surface-cell of the young blade ((204) p. 706). The overlying cell 
becomes flattened by the rapid enlargement of the gland and ultimately 
forms a thick hyaline roof to it (fig. 86 F, r). In a surface- view the 
rectangular areas (fig. 86 E) overlying the glandular cells are readily 
seen. Yendo believed that these cells produced mucilage, but according 
to Sauvageau ((15O, (156) p. 10) they are fucosan-receptacles. The fresh 
contents are colourless. 

(/) Origin of Splits and Perforations 

As a general rule there would appear to be some factor causing local 
degeneration of the internal tissues during the development of splits 
and perforations, a process accompanied by the formation of furrows 
or depressions on the surface (fig. 87 D), but which of these changes 
is primary and which is secondary is not always evident from the 
published accounts. As the depressions gradually deepen with the 
progressive break-down of the internal tissues, the meristoderm 
divides and provides a continuous covering (fig. 87 F, G). Ultimately, 
when the double layer thus formed extends through the whole thick- 
ness of the blade, complete rupture occurs, the freshly exposed edges 
being now entirely overgrown by the meristo'derm (fig. 87 G). In most 
instances at least it seems that there is never more than a very tem- 
porary exposure of the inner tissues. 

In Laminaria Cloustoni ((79) p. 478) the splits are initiated by the 
appearance of longitudinal furrows which probably result from in- 
creased division of the cells of the meristoderm and are often seen 
sooner on one surface than on the other. As the furrows deepen, breaks 
appear in the internal tissues and the outer layer ruptures (fig. 87 E), 
although the exposed edges become rapidly overgrown (fig. 87 F, G). 
These data are based on a study of regions in front of already established 
splits, and they imply that, in the species in question, surface-changes 
are of primary importance, a conclusion apparently reached also by 
Grabendorfer ((51) p. 660) in Lessonia. It is not altogether clear from 
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Killian’s account whether the internal tissues are actually exposed. He 
is of the opinion that wave-action plays a considerable r 61 e in the 
extension of the splits towards the margin (cf. also (161) p. ao6). 

In Macrocystis ((179) p. 126, (193) p. 805) internal changes are the first 
to be observed, the inner tissues undergoing gelatinisation which results 
in the formation of a cavity occupied by mucilage (fig. 87 D, c), whilst 
on either surface active division of the meristoderm causes the forma- 
tion of furrows.^ This is in general agreement with the account given 
by Macmillan ((105) p. 291) for Nereocystis ; he describes how, as the 
opposite furrows meet, the separate meristoderm layers unite without 
any destruction of cells. Wells ((192) p. 223), however, states that it is 
only the basal perforation that arises in this way, while the forward 
advance of the splits is due to excessive cortical division which causes 
rupture of the surface-layer and finally of the whole lamina. This is also 
stated to be so in Dictyoneurum. In Postelsiay according to the same 
authority, the splits arise in regions in which division of the meristoderm 
is practically at a standstill, so that the lamina here remains thin and 
gets worn by wave-action ; much the same is recorded for Lessoniopsis. 

Humphrey’s account ((69) p. 201) of the development of the perfora- 
tions in Agarum again places stress on a primary growth of the meri- 
stoderm. Rapid local multiplication of its cells results in a papillate 
protrusion on the one surface and of a corresponding depression on the 
other (fig. 87 A). The meristoderm on this surface penetrates more and 
more deeply into the underlying tissues and, after reaching the medulla, 
continues to grow only along the sides of the depression, while that 
covering its base dies away (fig. 87 B, J). The sides thus grow inwards 
like a circular punch and cut out the part of the medulla still remaining 
in the centre of the perforation (fig. 87 B, 2). In fimbriatum Harv. 
only a few of the papillae become perforated ((134) p. 20). 

The diverse observations agree that the edges of the splits are soon 
covered by rapid growth of the meristoderm and other superficial 
tissues. In this respect there is a marked contrast to the mode of healing 
of wounds ((79) p. 468, (109) p. 13, (169) p. 145). If the superficial layers 
of the lamina or stipe of a Laminaria are removed, the intact elements 
at the exposed surface divide to form perpendicular rows of cells which 
rapidly cover the wound. In his studies of regeneration in Laminariales 
Setchell ((169) p. 145) found that it is always the inner cortex and 
medulla that grow out to form the new organs. 

The same authority ((163) p, 45, (169)) has drawn attention to certain 
special features connected with blade-renewal in the species of 
Laminaria, In L. Sinclairii the first sign of the inception of this process 
is the appearance of a slight dilation (fig. 65 J, c) in the transition zone. 
This is followed (fig. 65 K) by a transverse rupture at this level and the 
rapid separation of the two edges (fig. 65 E, L, M) as the new blade {nh) 
develops from the more internal tissues; the ruptured surface layers 
form collars {c) at the top of the stipe and at the base of the old blade. 
Blade-renewal is thus effected solely by inner cortex and medulla ; the 

^ The contrary account of Rosenthal ((138) p. 123) is described as erroneous 
by Skottsberg. 
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outermost elements of the former divide actively at right angles to the 
surface and give rise to a new meristoderm by the division of which a 
new outer cortex is formed. Dr Lund (cf. p. 226) has observed similar 



Fig. 87. A-C, Agarum cribrosum (Mert.) Bory, successive stages in formation 
of the perforations (after Humphrey). D, Macrocystis pyrifera (Turn.) Ag., 
transverse section of blade showing early stage in split-formation (after 
Skottsberg). E—G, Laminaria Cloustoni Edmonds., successive stages in heal- 
ing of the edges of a split in the blade (after Killian), c, cavity; d, depression'; 
iCy inner cortex; w, meristoderm; me, medulla; oc, outer cortex. 


events in L, Cloustoni ^ but it is not known whether comparable changes 
are met with in other Laminariales exhibiting blade-renewal. The 
shifting of meristematic activity to deeper layers is paralleled in the 
older stipe by the secondary growth which is initiated in the outer 
cortex (p. 232). 
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(g) Air-bladders 

The walls of the air-bladders of Nereocystis(ios) and Macrocystis ((179) 
p. 125) consist for the most part of cortex, although the inner part 
contains some sieve-tubes; in Macrocystis numerous hyphae project 
into the cavity. According to Macmillan a second meristematic zone is 
distinguishable in the inner part of the wall of the bladder of Nereocystis. 

The bladders of Nereocystis have a capacity of several litres. The con- 
tained gas is stated to include carbon monoxide (1-12%), which is 
formed only in the presence of oxygen and is believed to be a product of 
respiration (98, 99, 137,211) ; Zeller and Neikirk(207), however, record only 
carbon dioxide in considerably larger quantities than in atmospheric 
air. The pressure within the bladder is often less than that of the 
atmosphere and varies at different times of the day (40,211); neverthe- 
less the bladders can resist considerable external pressure without 
collapsing (70). 


{h) The Haptera 

The succession of rhizoids that serves to attach the young plants 
(fig. 81 H) is later replaced by the broadened base of the enlarging 
stipe, which forms a disc fastened by numerous rhizoids and showing 
no appreciable internal differentiation ((79) p. 463), although the inner 
cells are somewhat elongated. In older plants the disc is mostly re- 
placed by special haptera which are arranged in approximate whorls 
and arise in succession from progressively higher levels on the stipe 
(figs. 65 N ; 66 I). They first appear as slight superficial puckerings 
and in Laminaria Cloustoni ((79) p. 465) are formed at the time of most 
active growth, soon after the appearance of the new blade. The later 
ones often show considerable forked branching. 

The haptera are produced by tangential division of the outermost 
cells of the stipe ((195) p. 23), although Church ((22) p. 63) states 
that the older ones arise endogenously. Cell-division is localised 
in the apical region ((79) p. 464, (132) p. 374, (161) p. 199, (179) p. 93), 
where the cells are often arranged in well-defined rows. The inner 
part of the mature hapteron consists of elongate mechanical cells (cf. 
also (los), (158), (181) p. 580), with strongly thickened transverse walls 
which are often provided with numerous pits ((31), (79) p. 464). There 
is no medulla, although a few hyphae may be present; mucilage- 
canals are sometimes found. When the substratum is reached, the tip 
of the hapteron spreads out and the surface-cells grow out into densely 
packed rhizoids ((79) p. 465, (161) p. 199). Growth in length may con- 
tinue after attachment, so that the primary disc is lifted off the sub- 
stratum ((185) p. 399). In Pterygophora Macmillan ((107) p. 732) 
describes growth-rings in the older haptera. 

More specialised attaching organs are found in Saccorhiza and 
Macrocystis, In S. hulbosa most of the haptera arise from the bell 
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(p. 201) and this is also so in S, dermatodea, where the latter is far less 
conspicuous. The development of the bell ((10), (156) p. 104, (161) pp. 183, 
198) is largely due to expansion of the medulla, the cortex playing 
only a passive rdle. In Macrocystis pyrifera Skottsberg ((179) p. 93) 
distinguishes, apart from the ordinary haptera which become attached 
at their tips, others that curl round foreign objects and so help in 
fixation. The attaching organs of the Californian forms of Macrocystis 
have been fully studied by Setchell (174); those of M. integrifoliay in 
particular, are very elaborate, being prostrate and developing numerous 
floating shoots from their margins. 

ASEXUAL REPRODUCTION 

The extensive sori (fig. 88 A, s)y the position of which in the different 
genera has already been described, invariably comprise only unilocular 
sporangia^ intermingled with abundant unicellular paraphyses. Their 
development^ takes place in essentially the same way in all Lami- 
nariales. The superficial cells grow out as a palisade-like layer (fig. 
88 B), and each protuberance sooner or later divides tangentially into 
a small basal cell (b) and the future paraphysis (/>) which continues to 
lengthen. As the thallus enlarges, the basal cells widen and the 
paraphyses separate (fig. 88 E); they now occupy only part of the 
surface of the basal cell (fig. 81, K^p). The apices of the paraphyses, 
however, usually broaden and remain in close contact with one 
another. During the outgrowth of the paraphyses the mucilaginous 
cuticle of the superficial cells is often merely stretched (fig. 88 B, cu) 
and constitutes a protective covering to the developing sorus; in 
Saccorhiza bulbosa ((156) p. 42) this layir even undergoes further 
thickening (fig. 88 C, cu). 

The paraphyses (fig. 81 K,/)), which are usually club-shaped, show 
a more or less marked gelatinous thickening of the membrane at their 
expanded outer ends. Here lie numerous chromatophores {ch)y whilst 
there are often abundant fucosan-vesicles in the interior. The oblong 
sporangia arise from the basal cells between the paraphyses (figs. 81 J ; 
88 C, E, sp) and are thus protected during development. The efficiency 
of the paraphyses, however, no doubt varies. In Laminaria and other 
genera the thick outer membranes often flow together to form a con- 
tinuous covering over considerable areas. On the other hand, in 
Saccorhiza dermatodea ((i6i) p. 207) and in Cymathere ((53) p. 92) the 
paraphyses have only a slightly thickened tip. 

The number of zoospores produced in the sporangia seems to vary. 
32 are recorded in Laminaria ((159) p. 344), Alaria esculenta ((156) 
p. 224), Pterygophora ((104) p. 122), and Eisenia ((23) p. 496, (67) p. 37), 

^ The plurilocular sporangia recorded by Buffham(i9) belong to Stre- 
blonema aequale (p. 58). 

* See (23), (67) p. 35, (93) p. 35, (156) p. 42, (158) p. 162, (161) p. 207, (190) 
p. 240. 



ASEXUAL REPRODUCTION 


245 



Fig. 88. Asexual reproduction of Laminariales. A, Laminaria digitata (L.) 
Lamour., small part of a frond with sorus (s). B-D, F, Saccorhiza hulbosa De 
la Pyl. ; B, early and C, later stage in development of a sorus ; D, zoospores ; 
F, two sporangia (one dehisced) with two paraphyses. E, Chorda filum (L.) 
Lamour., young sorus in transverse section. G-K, Costaria costata (Turn.) 
Saund.; G, zoospore; H, embryospore and first stage in germination; I-K, 
later stages, b, basal layer of sorus; c, chromatophore ; cm, cuticle; e, embryo- 
spore; m, meristoderm; />, paraphysis; sp, sporangium; ar, zoospores. (A-D 
after Sauvageau; E after Kylin; G-K after Kanda; F after Thuret.) 
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sometimes 64 in the last two. On the other hand, in Chorda (fig. 81 K; 
(93) p. 36) there are 16, while in Saccorhiza bulhosa (fig. 88 F) 128 is 
given as the probable number ((156) p. 44). Zoospore-development 
commences with successive nuclear division (fig. 89 A-D), accom- 
panied by multiplication of the chromatophores (c), and takes place in 
essentially the same way as in Ectocarpales (p. 118). Thus, in Chorda 
((93) p. 36) the 16 nuclei (fig. 89 E, n) at first lie in the middle of the 
sporangium, while the 16 chromatophores (c) occupy a peripheral 
position; later the nuclei migrate outwards and become associated 
with the chromatophores, after which the rudiments are cut out by 
simultaneous cleavage (fig. 89 F). The sporangia of a sorus develop 



Fig. 89. Zoospore-development in Chorda filum (L.) Lamour. (after Kylin). 
A-E, successive stages in nuclear multiplication; F, formation of zoospores; 
G, nucleus of sporangium in prophase; H, the same, synezesis; I, the same, 
diakinesis. c, chromatophore ; n, nucleus. 

successively (cf. figs. 81 K; 87 C), although considerable numbers 
mature and liberate their contents at the same time ((67) p. 37, (156) 
p. 44, (159) p. 344)- The wall at the apex of the mature sporangium 
usually becomes strongly thickened (figs. 88 F; 89 F; (65) p. 346, 
(93) p. 37, (104) p. 123, (156) p. 44), and dehiscence occurs here (cf. 
fig. 88 F). Sauvageau suggests that it is aided by the pressure of the 
gelatinous paraphyses on the sporangia. The whole contents, en- 
veloped by a delicate membrane, are liberated with a jerk and 
gradually emerge from between the paraphyses. 

The zoospores are of the usual type (fig. 88 D) and generally 
possess a single plate-shaped chromatophore which often occupies a 
considerable part of the periphery ((76), (104) p. 123); in Chorda there 
are a number of chromatophores. The swarmers commonly tend to 
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move away from strong light (cf. however (213) p. 17), but the presence 
of an eye-spot is variable.^ 

Kylin ((93) p. 35) showed in 1918 that the first nuclear divisions in 
the sporangium of Chorda are meiotic (fig. 89 G-I), and this has since 
been proved by McKay ((104) p. 120) for Pterygophora and by 
Hollenberg ((67) p. 35) for Eisenia (cf. also (ns)). The haploid chromo- 
some-number is given as 13-15 (20 in Chorda). There can be no 
doubt that all Laminariales normally show an alternation of cyto- 
logical phases. 

As a rule the sori differentiate only on mature parts, which have 
practically completed their growth. Their development usually coin- 
cides with the commencement of the cold season, and the fertile parts often 
persist through a considerable part of the winter. Precise data, which 
are rarely available, indicate some degree of variability. Harries ((sS) 
p. 894) showed that the three species of Laminaria {digitata^ saccharinay 
Cloustoni)y found on the Welsh coast, mature in the order named, and 
concludes that this is correlated with their position on the shore (cf. 
also (30) p. 179), whilst Sauvageau ((156) pp. 137, 201) reports finding 
sori on adult plants of L. digitata and L. saccharina at all times of the 
year. The sori are commonly devoured by Mollusca ((156) p. 12). 


THE GAMETOPHYTES 

Although the female prothalli are often more or less clearly pictured in 
some of the older figures depicting the development of the young 
plants, 2 it was only in 1915 that Sauvageau (148,149) reported the 
existence of heteromorphic alternation with two sexes of gameto- 
phytes. Prior to that it was generally held that the Laminariales 
showed no sexual reproduction; erroneous observations of Drew (30), 
on the sexuality of the swarmers produced by the sporophyte, were 
disproved by Lloyd Williams (197). In 1916 Sauvageau (152) followed 
up his first discovery by the description of the gametophytes of 
Laminaria digitata and L, saccharina and later (150) of those of Alaria 
esculenta (see also (124)). In the same year Kylin (92) confirmed 
Sauvageau ’s observations on L. digitata (cf. also (90)) and in 1918 (93) 
described the gametophytes of Chorda. It was not, however, until 
1921 that Williams (198) observed the spermatozoids and the process 

^ Thus, Sauvageau (156) found none in iMminaria (cf. also (76) p. 255), but 
records one in Chorda (cf. also (77) p. 105, (no)), Saccorhiza, and Alaria 
esculenta; on the other hand, Kuckuck ((89) pi. 8, fig. 8) shows an eye-spot in 
Laminaria (cf. also (71)), while Printz ((128) p. 16) failed to observe it in Alaria. 
It is also recorded in the zoospores of Egregia ((ns) p. 228), Pterygophora ((104) 
p. 123), and Eisenia ((67) p. 37). The recent statements that flagella are 
lacking in Pelagophycus and Eisenia are erroneous ((67) p. 37). 

^ See (7), (30), (79), (196), (197). Williams (196) in 1900 described the formation 
of branched filaments from germinating zoospores. 
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of fertilisation. Since then the gametophytes of numerous Lami- 
nariales have been described.^ 

The swarmers of a sporangium give rise partly to male and partly 
to female gametophytes. This was established by Sauvageau (149), who 
in Saccorhiza bulbosa observed the germination of the spores into the 
two kinds of prothalli while still enclosed within the sporangium ; a 
similar observation was later made on Laminaria Cloustoni ((is6) 
p. 192). By allowing the sporangia of a sorus of Laminaria to liberate 
their contents into solidifying gelatine, Schreiber (159) isolated the 
individual groups of spores and by subsequent culture showed that 
male and female gametophytes are produced in equal numbers from 
a sporangium. Sex determination in this genus, and probably in all 
Laminariales, is therefore genotypic (cf. also (156) p. 4). The occur- 
rence of swarmers of two sizes has occasionally been recorded (29,156), 
but such differences appear neither to be constant (cf. (103), (213) p. 22), 
nor to be related to sexual differentiation. 

The early stages of germination of the two kinds of zoospores are 
identical ((92) p. 554, (93) p. 21) and the differences between the sexes 
usually become apparent only after some time, although in Chorda 
((94) p. 70, (198)) they are evident before the gametophytes are a week 
old (cf. also (156) p. 45). The swarmer rounds off and secretes a thin 
membrane (fig. 88 H); the resulting embryospore puts out a slender 
outgrowth into which the bulk of the contents pass (fig. 88 H-J). 
Gradually the distal extremity of the tube becomes dilated (fig, 88 J, 
K) and at this stage the germling often appears dumbbell-shaped. 
Finally the contents collect within the swelling, which becomes 
separated by a septum (fig. 88 K), the orientation of which is inde- 
pendent of the direction of the incident light. It is this cell that 
divides to form the actual gametophyte and, even in late stages, the 
empty spore-membrane with its tubular outgrowth may remain 
attached to the prothallus (cf. fig. 90 D, F, I, e). In Alaria esculenta 
((156) p. 227), where the spore occasionally retains part of its contents, 
it may subsequently give rise to a second gametophyte, but this is 
exceptional. 

The filamentous gametophytes are commonly well branched and 
possess rather elongate cells containing a number of approximately 
discoid chromatophores ; their habit is heterotrichous and growth is 
usually slow. The natural substrata are probably rocks and other Algae 
((92) p. 560). The male gametophytes (fig. 90 F, L) are nearly always 
more copiously branched than the female, although the reverse condi- 
tion has been reported in Costaria ((3); cf. however (76) p. 239). On 
the other hand, the cells of the male gametophyte, though usually 
more numerous, are invariably smaller than those of the female and 
sometimes also paler in colour ((58) p. 899, (59) p. 217). In Chorda 
((77) p. 105, (93), (198)) the gametophytes are exceptionally robust and 
^ See the enumerations in (70a) p. 212 and (23), (6s), (67), (114), (209) and (213). 




Fig. 90. Gametophytes of Laminariales. A, B, F, Q, Laminaria digitata (L.) 
Lamour. ; A, B, Q, female gametophytes, in A with two embryos (shown 
separately in Q); F, male gametophyte. C, D, Arthrothamnus bifidus (Gmel.) 

J. Ag., female gametophytes. E, G, H, Saccorhiza bulbosa De la Pyl. ; E, 
female and G, H, male gametophytes. I, M, Alaria esculentcf, (L.) Grev. ; 
I, female and M, male gametophytes. J, P, Laminaria saccharina (L.) Lamour., 
embryos showing zoospore-formation. K, L, Alaria crassifolia Kjellm.; 

K, spermatozoid ; L, male prothallus. N, O, R, Macrocystis pyrifera (Turn.) 
Ag.; N, O, fertilisation; R, spermatozoid. a, antheridium; c, chromatophore ; 
e, embryospore ; em, embryo ; /, ovum ; w, nucleus ; o, oogonium ; 5, spermatozoid ; 

thickening of antheridial wall; Zy zoospores. (C, D, K, L after Kanda; I, M 
after Printz ; J, P after Pascher ; N, O, R after Levyns ; the rest after Sauvageau.) 
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richly branched, while in Egregia according to Myers ((ns) p. 229) 
both kinds consist of only a few cells.^ 

The data on the size of the gametophytes are, however, based on 
observations made in cultures, where their development is likely to be 
retarded (cf. (20), (no)). Both form and size do in fact vary appreciably 
with the temperature, the light-intensity, and the kind of nutrient salts 
available ((58), (76) p. 256, (92) p. 557). According to Schreiber ((159) 
p. 336) gametophytes, as well as sporophytes, of Laminaria exhibit good 
growth even at higher temperatures, although they remain sterile (cf. 
also (191)); when the temperature is lowered gametes are produced 
(cf. however (67) p. 38), whilst when it is raised their formation is 
arrested. This perhaps accounts for the practical restriction of Lami- 
nariales to colder seas. Regeneration of the gametophytes from frag- 
ments or isolated cells has been reported ((59) p. 214, (159) p. 335)- 

The antheridia^ (fig. 90 F-H, L, M, d) arise singly or in groups at 
the tips of the erect threads or as lateral outgrowths from the upper 
side of the creeping threads; intercalary antheridia, formed by trans- 
verse division of the cells, are not uncommon. The antheridia are 
small, colourless or almost colourless structures, which at best contain 
only one or two much reduced chromatophores ((67) p. 39, (92) p. 553, 
(93) p. 22, (94) p. 71, p. 146). The entire contents are utilised to 
form a single spermatozoid. The wall at the apex becomes protruded 
and markedly swollen (fig. 90 F, G; (67) p. 38, (198) p. 605), and here 
an aperture is formed (fig. 90 L) through which the male cell (5) is 
liberated. The ellipsoidal or pyriform spermatozoids ((76) p. 256, 
(104) p. 126), about 4/Lt long, possess the usual two laterally attached 
flagella (fig. 90 K, R) ; an eye-spot is reported in Ptery gopher a (104), but 
appears usually to be lacking. The male gametophytes commonly die 
after liberation of the sperms. Sauvageau ((156) p. 3) comments on the 
marked protandry exhibited by the species studied by him. 

In the female prothalli (fig. 90 I, Q) any or all of the cells may en- 
large to form oogonia (o). The latter are either pear-shaped with the 
upper extremity narrowed or dilated, or they may be tubular (fig. 
90 D, 1 ) or even lobed ((128), (15b) p. 227). The wall at the distal end 
of the oogonium usually becomes greatly thickened ((15^)) p- 51) and 
in Laminaria {19^) three distinct layers can be distinguished. The 
numerous chromatophores become crowded together at the apex of 
the mature organ with their long axes parallel to it, which probably 
indicates a marked internal pressure playing a role in dehiscence. The 

^ In Pleurophycus (4), as well as in Costaria and Arthrotharnnusiab), prothalli 
that differ in minor particulars from the ordinary type have been described. 

“ In Laminaria religiosa Ikari (71) recorded two kinds of male gametophytes 
bearing unilocular and plurilocular organs respectively. There can be no 
doubt, however, that those with plurilocular sporangia belonged to some 
foreign alga (Ectocarpales .?) that had invaded his cultures ((76) p. 255). 
Ikari’s figure of a monoecious gametophyte is probably an error of observa- 
tion, since zoospores often germinate in close juxtaposition (cf. also (87) p. 174), 
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entire contents form a single ovum, which is normally liberated prior 
to fertilisation through a narrow apical aperture (fig. 90 C). After the 
female cell has emerged, the thick elastic edges of the wall again meet 
and form a platform to which the ovum usually remains attached for 
some considerable time after fertilisation (fig. 90 C, Q). In Chorda 
((94) p. 72, (198) p. 606) the mature ovum merely lengthens out of the 
oogonium, whilst in Macrocystis (fig. 90 N, O) it is stated to be re- 
tained until after fertilisation ((103) p. 351, (191)); this is not confirmed 
by Papenfuss ((213) p. 22). 

Nuclear fusion has been observed in Laminaria {19^)^ Pterygophora 
((104) p. 128), Macrocystis ((103) p. 351), and Eisenia ((67) p. 40). In 
Pterygophora the fusion nuclei are in early prophase, while in Eisenia 
both gametes are stated to enlarge appreciably during fusion. The 
zygote secretes a thin membrane and develops into the sporophyte 
without any resting period. Parthenogenesis has been reported by 
Schreiber ((159) p. 341), but its occurrence in nature is not established ; 
the germlings from the parthenogenetic ova show irregularities in 
division. The possibility for natural hybridisation must be con- 
siderable, but Schreiber’s attempts to produce hybrids artificially 
were unsuccessful. 

In Saccorhiza bulbosa ((156) p. 51) the female zoospore commonly 
gives rise directly to an oogonium (fig. 90 E), without any vegetative 
phase. This is the simplest type of gametophyte known among Brown 
Algae, and its discovery has played a considerable role in the interpre- 
tation of the life-cycle of Fucales (p. 380). Such extreme reduction 
seems to be frequent in this species, although occasionally much more 
extensive gametophytes are formed ((156) p. 5 1). A tendency to reduce 
the female gametophyte to a single cell has been observed in cultures 
in other Laminariales ; thus, it has been reported in Laminaria ((156) 
p. 146, (198)), Egregia ((115) p. 229), Macrocystis ((103) p. 350), and 
Arthrothamnus (fig. 90 C ; (76) p. 234). The one-celled condition seems 
to be frequent in Laminaria Clonstoni ((156) p. 193) and in Arthro- 
thamnuSy but it remains to be determined how far such simple 
prothalli arc the result of cultural conditions. According to Sauvageau 
(155) the female prothalli of Phyllaria reniformis Rostaf. are “ parasitic ” 
in Lithothamnion lichenoides, 

THE STATUS OF THE LAMINARIALES 

In cultures of Laminaria saccharina Pascher (123) reports a precocious 
development of sporangia in embryos in which surface-development 
was just beginning. Other embryos, still in the filamentous (2-8- 
celled) stage, produced 4-8 swarmers from certain of their cells 
(fig. 90 J, P, z)y and instances were even observed in which the 
fertilised ovum, without further segmentation, divided to form a 
number of reproductive elements. The last condition does not differ 
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from that which obtains in an isogamous or oogamous Green Alga. 
These observations suggest that, under certain circumstances, pro- 
duction of zoospores might take place without the development of an 
elaborate sporophyte, and they lend support to the view of an ultimate 
isomorphic origin for the sharply distinct generations of Laminariales. 

Moreover, both they and the early stages of development of the 
sporophyte point to simple filamentous ectocarpoid types for the 
derivation of these elaborate forms. It is noteworthy that, while the 
gametophytes are heterotrichous and in great part prostrate, the 
sporophytes, even in the reduced stages just described, are erect from 
the first. The Laminariales may in fact be regarded as exhibiting to 
an extreme the elaboration of the sporophyte so evident among 
Ectocarpales, while the filamentous heterotrichous habit has been 
retained by the gametophyte (cf. also (ziz)). The absence of a prostrate 
system in the sporophyte finds its parallel in other highly differenti- 
ated series (cf. pp. 179, 191). 

The Laminariales would thus exhibit the ultimate development of 
the tendency towards a parenchymatous construction evident among 
Ectocarpales and realised in such forms as Litosiphon and Stictyo- 
siphon. The relatively simple genus Chorda is relevant in this connec- 
tion, for although it is quite like other Laminariales in reproduction 
and life-history, it is less specialised morphologically and anatomically. 
It may well owe its simplicity to the non-differentiation of an ex- 
panded lamina, since this probably necessitates a more elaborate 
mechanical construction, such as is supplied by the medulla of the 
stipe of most Laminariales, The marked activity of the meristoderm 
is foreshadowed in diverse parenchymatous Ectocarpales (p. 114). 
The specialised sori of Laminariales are likewise already indicated in 
some of the more advanced representatives of the latter order. 

Both Laminariales and Fucales show the development of a far 
more elaborate plant-body than is usually found among Algae. Alike 
in their morphology and their anatomy they exhibit features, which 
find a certain degree of parallel among higher land-plants (22) and are 
probably an expression of general tendencies in somatic evolution. 
Since the early stages in the origin of land-plants are likely to remain 
unknown, these elaborate Brown Algae may perhaps afford some data 
as to the possible lines of development that were followed. It must 
be emphasised, however, that the system of intergrading tissues met 
with in these forms is without parallel among higher plants. 
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CLASSIFICATION AND GEOGRAPHICAL DISTRIBUTION 


The classification — largely based on Setchell ((162) p. 337, (176) p. 590) 
— that has been adopted in the preceding matter is as follows : 

I . Chordaceae: Chorda. 


2. Laminariaceae: 


(a) Laminarieae: Laminaria, Phyllaria, Saccorhiza. 
{h) Cymathereae: Cymathere, Pleurophycus. 

(c) Agareae: Agarum, Costaria, Thalassiophyllum. 
{d) Hedophylleae: Arthrothamnus, Hedophyllum. 


3. Lessoniaceae: 

(а) Lessonieae: Dictyoneuropsis, Dictyoneurum, Lessonia, Nereo- 

cystis, Postelsia. 

(б) Macrocysteae: Macrocystis, Pelagophycus. 

(c) Lessoniopseae: Lessoniopsis. 


4. Alariaceae: 

(а) Alarieae: Alaria, Hirome, Phyllogigas( ?), Pterygophora, 

Undaria. 

(б) Ecklonieae: Ecklonia, Eisenia. 

(c) Egregieae: Egregia. 


The Laminariales are characteristic of colder seas, and their chief 
centres of distribution (see the map) are circumpolar in the Arctic and 
Antarctic regions (162). Here they occur wherever there are suitable 
substrata, free from permanent ice ((140) p. 150). From the polar 
regions they extend into the temperate zones and, where cold ocean 
currents sweep along the coasts, as for instance along the shores of 
Lower California and Peru ((68) pp. 2, 55) or the west coast of South 
Africa, certain genera penetrate far into subtropical or even tropical 
regions. The genera occurring in the Northern and Southern Hemi- 
spheres are in large part distinct. 

Typical of the Northern Hemisphere are the Chordaceae, Lami- 
narieae, Alarieae, and Agareae, although the last-named are restricted 
to North America, Greenland ((2) p. 18, (63), (75) p. 24, (140) p. 169), and 
adjacent parts of Asia (cf. (69) p. 198 and the map, Ag), The Laminarias 
are essentially northern in their distribution (13,81), although L, 
Lejolisii flourishes on parts of the Atlantic coast of Morocco (26) and 
a few species are frequent in the Southern Hemisphere (e.g. L. pallida 
(Grev.) J. Ag. at the Cape (25), (213)). Saccorhiza dermatodea and Alaria 
Pylaii (Bory) J. Ag. occur over a large area of the North Atlantic ((38) 
p. 74, (49) p. 75, (75) pp. 21, 31, (84) p. 20, (140) p. 169). South of the 
Cape Cod Peninsula Laminariales only play a small role ((34) p. 5) on 
the eastern shores of North America. In the Mediterranean Phyllaria 
reniformis (Lamour.) Rostaf., Saccorhiza bulbosa ((5) p. 144, (is7) p. 4), 
and Laminaria Rodriguezii have alone been recorded ; the last is stated 
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to occur mainly at depths of 100--150 metres (17). Berthold (u) lists no 
member of the order from the Gulf of Naples. 

The Pacific shows a considerably greater diversity of forms than 
does the Atlantic, and both on the Asiatic and on the American shores 
((*75) p. 168) members of the order extend far towards the south, 
although the two floras are in part distinct. Characteristic of the 
North Pacific, both on the American and Asiatic shores, are the 
Cymathereae (44), (82), (146) p. 393), Thalassiophy Hum y the Hedophylleae 
(Hedophyllumy Arthrothamnus), and Costaria, Undaria (see map 2, U) 
appears to be confined to Asia, while along the American shores and 
in part extending down to Lower California are found a number of 
characteristic Lessonieae (Dictyoneurumy Postelsia)y as well as the 
genera Costaridy Pelagophycus, Nereocystis (cf. also (112) p. 72), Les- 
soniopsisy PterygophorUy Eiseniay and Egregia (see map 2); of these 
Pelagophycus is restricted to the southern part of this region. As 
compared with the Arctic regions the Californian coast has fewer 
Alarieae and is much poorer in Laminarieae (here L. Sinclairii) and 
Agareae (only Costaria), 

The characteristic Laminariales of the Southern Hemisphere are 
Lessonidy Ecklonidy and Mdcrocystis ((60) p. 457, (61) p. 217), while the 
imperfectly known genera Phdeoglossum and Phyllogigus are at present 
only recorded from the Antarctic (179). Mdcrocystis (see map 2) is 
probably most abundant on the shores of Patagonia ((179) p. 132), 
extending from here down to the area of permanent ice, but it is also 
widespread in Australia and New Zealand, and South Africa; in the 
last-named area it is practically confined to the east coast with its 
colder water ((27) p. 63). Ecklonids are well represented in Australia, 
as well as in South Africa, which harbours the largest species of the 
genus (E, buccindlis). Most of the striking Lessonids are confined to 
the South American region around Cape Horn, although L, fldvicdns 
is recorded from New Zealand. L. Idminarioides is a characteristic 
component of the flora of Japan and of the adjacent shores of Siberia. 

Mdcrocystis pyriferd (see map 2) has the widest distribution of all 
species of Laminariales. Its area extends over the whole of the 
Southern Subantarctic zone ((60) p, 461) whence it has been dis- 
tributed by Antarctic currents to many of the outlying islands 
(Kerguelen, Tristan d^Acunha, St Paul Island). It follows the 
Humboldt current up the western shores of South America (here 
accompanied by Eisenid Cokeri and Lessonid nigrescens) as far as the 
equator (68), and, passing to the cold waters flowing in from the North 
Pacific, extends along the entire western coast of North America up 
to British Columbia ((162) p. 365, (174) p. 446). 
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Order VII. SPHACELARIALES 

The five orders considered in the preceding pages, all of which 
exhibit intercalary growth, are no doubt special developments of 
types of construction represented among Ectocarpales, although the 
members of the latter order do not attain to the same degree of dif- 
ferentiation or of reproductive specialisation. The three remaining 
orders of Phaeophyceae are characterised by possessing well-marked 
apical growth and comprise forms with a parenchymatous construc- 
tion only; they include no parallel for the pseudo-parenchymatous 
type exemplified by Cutleriales and Sporochnales. Sphacelariales and 
Dictyotales also differ in the nature of their life-cycle from the orders 
previously discussed, since alternation in both is almost certainly 
isomorphic ; in this respect they differ markedly from the polystichous 
Ectocarpales. The origin of Sphacelariales is probably to be sought 
among simple filamentous Ectocarpales with isomorphic alternation. 

The members of this order are usually copiously branched, 
although they mostly attain no great size. They afford marked evidence 
of heterotrichy (figs. 98 A ; 99 B) and most are probably perennials, 
persisting with the help of the prostrate and the basal parts of the 
erect systems. The diverse branches of the latter are capped by a con- 
spicuous apical cell (fig. 92 C, a) cutting off a single row of segments 
(1-4), which for the most part undergo very regular septation so that the 
younger parts at least exhibit a definite tier-like structure. The indi- 
vidual branches are nearly always radial in symmetry. The prostrate 
system (fig. 98) is usually well developed and in the more specialised 
tvoes commonlv takes the form of a manv-lavered crust (fie. q8 G'i. 




Fig. 91. Habits of Sphacelariales. A, B, Sphacelaria cirrhosa C. A. Ag. ; 
A, tufts on FucuSy about half natural size; B, single plant bearing propagules 
{p)y enlarged. C, Halopteris jilicina Kiitz. D, H. scoparia (Kiitz.) Sauv. 
E, Phloeocaulon foecundum Sauv., part of a plant. F, Cladostephus vertidllatus 
Ag. G , Halopteris scoparia{K\XXz.) Sauv., apical cell, c, centrosome ;/, fucosan- 
vesicles; w, nucleus; />, propagule. (A, B after Taylor; C, F after Newton; 
D after Ki^tzing; E after Sauvageau; G after Swingle.) 
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Hairs, which are invariably provided with a sheath (fig. 95 A), occur 
in many species. 

The cells contain numerous, rather small chromatophores which 
are lenticular or granular and devoid of pyrenoids. Eau de Javelle 
causes the cell-walls of all Sphacelariales ((33) p. 2 ; cf. also (40) p. 215) 
to assume a black coloration which disappears after some time. The 
reaction is confined to the older layers of the wall and, when the latter 
is thin, affects only the middle lamella. According to Sauvageau 
((40) p. 216) there is also widespread occurrence of tannin, which is 
either diffused through all the cells {Batter sia) or localised in certain 
peripheral or central elements of the erect system, as in some species 
of Sphacelaria. 

In the early part of the century Sauvageau (40-43,46,52) published a 
series of memoirs dealing with this order; these, which have been 
largely followed here, considerably amplified and in part corrected the 
earlier investigations (12,27, 3*, 33). The morphology and anatomy, of 
the European species at least, are well known, although many details 
of reproduction and life-history still remain obscure. The few genera 
are distinguished mainly by the mode of origin of the lateral branches, 
the behaviour of the segments cut off from the apical cell, and the 
disposition of the sporangia. Only two of them {Sphacelaria^ Halo- 
pteris) comprise any considerable number of species. 

HABIT AND GEOGRAPHICAL DISTRIBUTION 

Many Sphacelariales form short densely branched tufts, varying from 
a few millimetres to one or two centimetres in height (fig. 91 A). 
Several species of Halopteris {H, filicinay fig. 91 C; H. scopana, fig. 
91 D; //. hordacea), as well as Cladostephus (fig. 91 F), Phloeocaulon 
(fig. 91 E), and Ptihpogon ((33) p. 34), attain to larger dimensions, 
although probably never exceeding about 30 cm. in length ; one of the 
largest of the Sphacelarias is S. plumigera. In diverse species of 
SphacelariUy as well as in Sphacella (10,33), the basal system is endo- 
phytic and then usually consists of separate threads. Such endophytic 
forms often exhibit little or no branching of the upright threads 

(fig- 92 A). 

In certain Sphacelarias (e.g. S. olivacea, S. radicans, S. racemosa) 
the few laterals are irregularly arranged and differ in no appreciable 
respect from the parent axes. As a rule, however, there is differentia- 
tion into branches of unlimited and limited growth ((12) p. 480) and 
very commonly at least the majority of the latter exhibit a distichous 
arrangement resulting in a pinnate habit (fig. 91 C), although this may 
become obscured in the older plant by the outgrowth of dormant 
initials or other irregularities in branching. In the pinnately branched 
forms the short laterals are either opposite (e.g. S. plumtila, fig. 92 C ; 
ChaetopteriSy fig. loi K) or alternate (species of Halopteris and 



HABIT, GEOGRAPHICAL DISTRIBUTION 263 

Phloeocaulofi, fig. 91 E; (12) p. 509). Cladostephus (fig. 91 F) is dis- 
tinguished by the whorled arrangement of these laterals. 

The densely tufted, fastigiate habit assumed by Halopteris scoparia 
{Stypocaulon scoparium Kiitz.)^ at certain times of the year (fig. 91 D) 
is, according to Sauvageau ((46) p. 351), due to the abundant out- 
growth of dormant branch-initials (cf. p. 279) exhibiting a tetra- 
stichous arrangement, as well as to the sprouting of adventitious 
branches from the persistent stumps of the short laterals of the 
previous season. Similar features are no doubt found in other 
members of the order. 

The Sphacelariales commonly inhabit the intertidal region, especi- 
ally its lower zones, and often penetrate for some distance below low- 
tide level {Ilalopteris scoparia^ Cladostephus spongiosus). Chaetopteris 
plumosa is usually found in deeper water, while Sphacelaria olivacea 
may occur in shaded situations near high-water mark (63). Reinke 
((34) p. 6) records a free-floating form of Halopteris scoparia in the 
Baltic. In the same region Sphacelaria cirrhosa at times assumes an 
aegagropilous habit (cf. (32) p. 39, (35) p. 65, (54) p. 289, (64)), forming 
hollow balls reaching the size of a human head. Balls of uncertain 
origin consisting of numerous plants of Halopteris funicularis have 
been recorded from Tasmania (8). 

The Sphacelariales are met with in all seas, although many are in- 
habitants of temperate and even polar waters ((36) p. 903, (37) p. 99, 
(s8) p. 57). One group of species of Sphacelaria is apparently restricted 
to the Northern (e.g. S. racemosa, S, hystrixy S. radicans) and another 
to the Southern Hemisphere (e.g. S. Borneti Hariot, S. pidvinata Harv., 
S. divaricata Mont.). Sauvageau ((43) p. 71, (44)) concludes that the 
Australasian seas arc probably the richest in species of this genus. 
Some Sphacelarias are common to both hemispheres (e.g. S. cirrhosa 
(Roth) Ag., S. furcigera)y while aS. tribuloides Menegh. and 
are the species most frequently recorded from warmer seas ((2), (3) p. 81, 
(7), (61)). In the Mediterranean the genus is poorly represented ((43) 
p. 71). Chaetopteris is mainly confined to the North Atlantic ((n) p. 77, 
(18) p. 40, (41) p. 144, (62) p. 13^). 

Halopteris scoparia has been recorded from all parts of the world, 
while H. filicina is widely distributed in the warmer seas of the 
Northern Hemisphere, although its occurrence south of the equator 
remains uncertain ((43) p. 421). Most species of Halopteris are, however, 
to be found in the Australasian region, and H , funicularis (Kiitz.) Sauv. 
is known from many parts of the Southern Hemisphere. Phloeocaulon 
and Ptilopogon are almost confined to Australasia, although Phloeo- 
caulon squamulosum Geyler is recorded from South Africa. Cladostephus 
verticillatus seems to enjoy a world-wide distribution, while the occur- 
rence of C. spongiosus south of the equator is still doubtful ((52) p. 603). 
Sauvageau’s Alethocladus is known only from the Antarctic. 

^ Regarding the difficulty of separating Stypocaulon from HalopteriSy see 
(43) p. 381. 
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Fig. 92. A, B, Sphacella subtilissima Reinke; A, part of a plant with unilocular 
sporangia; B, part of an erect thread. C, D, F-I, Sphacelaria plumula 
Zanard. ; C, apex of a growing thread, 1-4 successive segments of the apical 
cell; D, apex of a lateral which has completed its growth; F, G, I, transverse 
sections of inferior segments from older parts of the axis ; H, ditto of smaller 
branch, i, 2 the first two walls. E, S. Reinkei Sauv., part of a major axis, with 
branch-initials, a, apical cell; br, branch; i, inferior and 5, superior secondary 
segments; />, pericyst; sCy segment; sty sterigma of propagule; ty septum; 
Uy unilocular sporangium. (A, B after Reinke; the rest after Sauvageau.) 
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THE ERECT SYSTEM 

( a ) The Apical Cell and its Mode of Segmentation 

The prominent elongate apical cells (figs. 92 C; 95 E; 96 A, a) 
commonly contain abundant fucosan-vesicles (fig. 91 G, /), as well 
as a quantity o£ brown tanniniferous matter which often causes the 
tips to appear dark brown or black to the naked eye, and it is to this 
feature that Sphacelaria owes its name.^ This substance is regarded 
((43) p. 81) as a reserve, which is utilised during growth; a similar 
substance commonly occurs in dormant initials and in other parts of 
the mature plant. The cytoplasm of the apical cells and of the sub- 
jacent segments is markedly alveolar (fig. 91 G), while the large 
nucleus of the apical cell is provided with a centrosome (c; (9), (15), (60) 
and p. 36). 

The apical cell cuts off segments parallel to its base (fig. 92 C, r-^). 
When it has reached a certain length, a transverse septum separates 
2, primary segment (i) from the apical cell proper {a). The former again 
divides transversely (2) into two secondary segments — superior (s) and 
inferior {i) — which are usually of equal size,^ and these divide further 
(j, 4) to produce the mature tissue. In many Sphacelariales {Sphace- 
laria, fig. 92 C; Chaetopteris, fig. loi K; Halopteris, fig. 95 H) the 
secondary segments, though undergoing progressive septation into 
smaller and smaller cells, exhibit no further evident enlargement. In 
other words, except in so far as there is production of a special 
cortical investment in the older parts (cf. p. 268), the diameter of the 
different branches is essentially that of their apical cell which effects 
the entire growth in length of the branch ((12) p. 486). These are what 
Sauvageau ((43) p. 384) calls leptocaulous forms. 

On the other hand, in the long axes of Cladostephus (fig. 96), 
Phloeocaulon, and Ptilopogon the secondary segments not only undergo 
abundant division, but also enlarge more or less appreciably in width 
and in length. The axis therefore increases in girth from the apex 
backwards, and the laterals tend to become more widely spaced in 
the older parts. These are the auxocaulous forms of Sauvageau. In 
Phloeocaulon foecundum the primary segments may enlarge to thirty 
times their original height ((46) p. 441), while in fig. 96 {Cladostephus) 
the tenth segment is already more than three times the length of the 
first (cf. also (31) p. 147). This is due to continuous elongation of the 
cells formed by longitudinal division of the secondary segments, a 
process accompanied by repeated transverse septation. Increase in 
width is less pronounced, although there may be subsequent broaden- 
ing as a result of secondary meristematic activity (p. 268). The laterals 

^ o-(/)rtKfXo? = gangrene. 

^ In some Sphacelarias {S. spuria Sauv. (40) p. 318) the inferior segments 
are longer than the superior ones, whilst in S, olivacea the reverse condition 
sometimes obtains ((41) p. 55). 
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of limited growth, even in the auxocaulous forms, show no enlarge- 
ment of the segments. 

The sequence of division behind the apical cell can often be traced 
without great difficulty, since the primary septa long remain recog- 
nisable (figs. 92 C; 95 E; 96). The two secondary segments soon 
divide by longitudinal walls. In Sphacella ((40) p. 232) and a few 
species of Sphacelaria [S. pulvinata^ S. bracteata) such longitudinal 
division is quite restricted and may fail to occur in certain segments, 
but in most Sphacelariales it takes place plentifully so that, at a short 
distance behind the apex, the diverse branches are multiseriate and 
consist of a peripheral layer of cells surrounding a central group 
(fig. 93 D). The central cells commonly develop a slight thickening 
at the corners, whilst the outer walls of the peripheral cells always 
become markedly thickened. 

In many species of Sphacelaria {S. plumula, S. pulvinatay S. 
furcigera^ etc.) the secondary segments divide by longitudinal walls 
only (fig. 92 C), but in others (<S. radicam (21) p. 231; S. olivacea^ 
S. racemosa) transverse septation also takes place sooner or later 
(fig. 94 A), and this occurs in all other Sphacelariales (ChaetopteriSy 
Halopterisy etc., fig. 95 E, J) and is especially pronounced in the 
auxocaulous forms (fig. 96). The secondary segments may form only 
one series of transverse septa, as usually in Sphacelaria radicans and 
S. racemosay but more commonly there are several series (e.g. S, 
olivacea, S, plumigeray IlahpteriSy etc.). Since the transverse septa all 
arise at about the same horizontal level the tier-like structure is 
retained. 

In Sphacelaria cirrhosa and its allies ((42) p. 331) all the longitudinal 
walls are radial, but in other species their orientation is more varied, 
and there is probably not the degree of regularity indicated by Geyler 
((12) p. 480). Not uncommonly (fig. 92 I) the first two walls (r, 2) are 
perpendicular to one another and divide the segment into quadrants, 
whilst the subsequent ones tend to be periclinal and to delimit a super- 
ficial layer (fig. 94 F), the cells of which multiply further by anticlinal 
division (e.g.S.plumigera ((41) p. 112, (65) p. 139; Chaetopteris (35) pi. 50, 
(41) p. 145). Quite frequently, however, there are only one or two large 
central cells surrounded by an irregular peripheral series (fig. 92 F-H), 
the longitudinal septa having been largely periclinal from the first (e.g. 
S. radicanSy S. plumula (41) pp. 31, 102). 

In the more specialised genera longitudinal septation is more regular. 
In Cladostephus verticillatus ((52) p. 508) the formation of quadrants and 
the subsequent periclinal division (fig. 94 H) is followed by abundant 
and rather irregular longitudinal septation of the inner cells, though 
crosswise division is frequent (fig. 94 I). In the larger branches of 
Halopteris scoparia ((46) p. 360) the perpendicular septa of the quadrant 
division (fig. 93 A, J, 2), the first (j) of which lies approximately in the 
plane of branching, are followed by further septa (j, 4) parallel to the 
previous ones ; each quadrant thus undergoes regular crosswise division 
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Fig. 93. A-D, Halopteris scoparia (Kutz.) Sauv., transverse sections of a 
larger axis at successively lower levels, the numerals in A and C indicating 
the successive walls. E-H, Phloeocaulon foecundum Sauv., shoot of unlimited 
growth; E, surface-view at the same level as G; F, transverse section of basal 
part showing the rhizoidal cortex (r); G, longitudinal section, a little way 
above the base; H, transverse section, a few millimetres below the summit. 
Ar, branch; c, cortex; w, medulla; mey meristoderm; />, pericyst; Sy surface- 
layer. (After Sauvageau.) 
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so that there result four central and twelve peripheral cells. Four of the 
latter (/>), which appear triangular in the transverse section, constitute 
delayed branch-initials or rhizogenous cells (pericysts, cf. p. 270). 
Further septa (5), perpendicular to the third and fourth (fig. 93 C), result 
in a crosswise division of each central cell, as well as of each of the eight 
non-triangular peripheral cells. The 32 inner cells thus produced 
usually undergo no further longitudinal division, although the peri- 
pheral ones divide by a further radial wall (fig. 93 D). 

The branches of limited growth of H. scoparia show a modified 
segmentation and no pericysts are formed. After the quadrant division 
there is periclinal segmentation leading to the delimitation of a peri- 
pheral layer. In the finer branches periclinal division may set in from 
the first so that the centre is occupied by a single large cell. This recalls 
the segmentation of Sphacelaria, and is probably found in the smaller 
branches of most of the more specialised members in which the major 
axes possess a complex structure similar to that of Halopteris scoparia} 

{b) Cortex-formation 

The only means of secondary enlargement in leptocaulous forms is 
by cortication. In auxocaulous Sphacelariales, however, the peri- 
pheral layer sooner or later becomes meristematic (fig. 93 H, me) and 
gives rise to a secondary cortex^ which is responsible for the later 
increase in girth. This secondary activity as a general rule appears to 
set in only after primary division of the segments has ceased. It is 
little marked in Halopteris hordacea^ but much more evident in 
Phloeocaulon ((46) p. 445), Ptilopogon (fig. 103 I, c\ (46) p. 473), and 
Cladostephus ((52) p. 509), where it follows upon the marked growth 
in length above referred to. The peripheral layer then becomes a 
meristoderm (p. 226), the cells of which divide by successive peri- 
clinal walls to form a radially arranged secondary cortex (fig. 93 G, 
H, 94 I). Meristematic activity continues for a variable period and 
is finally terminated by abundant anticlinal division of the surface- 
cells (fig. 93 G, ^). 

In many Sphacelarias {e.g. S. olivacea) the tiers remain recognisable 
throughout the plant, but in others they are obscured in the older 
parts by the production from the surface-cells of closely apposed, 
downwardly growing cortical threads (fig. 94 A, B, r). The extent of 
their development evidently varies not only with the species, but also 
in different individuals. Certain species (.S', plumula^ (41) p. 102) 
produce only few of these threads which form but an imperfect in- 
vestment, but in S. plumigera ((41) p. 114, cf. also (35) pi. 47), for 
example, they are so numerous and copiously branched that they 
ultimately form a dense several-layered investment (fig. 94 F, r) which 
envelopes the parent axis {a) and the lower parts of the laterals (/) and 
may be as thick as the parts covered. In this species the cortical 

^ For further details, see (31) p. 144, (46) pp. 390, 401, 415, 423, 445. 



Fig. 94. A, F, Sphacelaria plumigera Holmes ; A, cortex-formation in shoot 
of unlimited growth; F, section of older part of same, with two buried laterals. 
B, S. hystrix Suhr, basal part of erect axis, with rhizoids. C, D, Chaetopteris 
plumosa Kiitz., two stages in cortex-formation. E, H, I, Cladostephus verti- 
cillatus Ag. ; E, part of longitudinal section of shoot of unlimited growth, a 
little way above the basal disc; H, I, transverse sections of such a shoot at a 
considerably higher level, H near the apex, the numerals indicating the suc- 
cessive walls. G, Halopteris scoparia (Kutz.) Sauv., transverse section near 
base of a shoot of unlimited growth, showing rhizoids and two laterals. 
a, axis; hr, branch; c, cortex; i, inferior secondary segment; /, lateral; Ih^ 
lateral hair; m, medulla; me, meristoderm; 0, areas through which rhizoids 
arise; r, rhizoids or cortical threads; rc, rhizoidal cortex. (C, D, F after 
Reinke; the rest after Sauvageau.) 
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threads originate from definite peripheral cells (fig. 94 A) which lie 
in the plane of branching and are situated in the upper half of the 
inferior secondary segments (/). Many of these cortical threads 
extend to the basal system and, spreading over it, contribute to its 
efficiency as an attaching organ. 

The thick cortex of Chaetopteris ((27) p. 133), which encases the 
bases of the laterals (fig. loi K), is composed of closely approximated 
threads growing obliquely downwards and again in part functioning 
in attachment. They arise without regularity from peripheral cells 
(fig. 94 C, D) of both the superior and inferior segments, thin circular 
areas (o) in the thick outer walls of these cells becoming protruded to 
form the threads ((33) p. 18, (35) pi. 49). The peripheral cells of the 
dense pseudo-parenchyma formed by the richly branched threads 
subsequently give rise to the fructifying branches (p. 287). Clado- 
stephus possesses a similar cortex (fig. 94 E, rc\ see below). 

The four triangular peripheral cells (fig. 93 A, p) formed during 
segmentation in Halopteris scoparia (p. 268) usually constitute, with or 
without further division, initials either of late-formed branches or of 
rhizoids. These cells, called pericysts by Sauvageau ((46) pp. 350, 360; 
cf. also (12) p. 496), possess denser cytoplasmic contents and larger 
nuclei than the adjacent cells and usually occupy the complete height 
of a secondary segment (fig. 95 H, p). In the lower part of the plant a 
large proportion of these cells grow out into rhizoids, although the 
latter sometimes originate (fig. 95 H, r) from the base of a branch. The 
well-branched rhizoids of H. scoparia acquire thick walls and undergo 
transverse and longitudinal septation (fig. 94 G, r). They gradually 
cover the older parts with a loose spongy envelope which extends to the 
substratum. Similar features are met with in other species of Halopteris ^ 
e.g. H, hordacea ((46) p. 422) and H. funicularis ((33) p. 23). 

The secondary increase in thickness of the auxocaulous forms 
described above does not usually take place in the basal parts of the 
main axes where mechanical strength is attained by the formation of an 
investment similar to that of the leptocaulous types. In Phloeocaulon 
foecundum^ ((33) p. 31, (46) p. 447), for instance, a number of the peri- 
pheral cells grow out into branching filaments which appear to be fused 
from the first (fig. 93 F, r ) ; the radial files in this extensive pseudo- 
parenchyma are slightly deflected in the longitudinal direction. Except 
for the apparent fusion of the threads there is much resemblance to 
the cortex of Chaetopteris, A similar, but more extensive, envelope 
(figs. 94 E, rc \ 98 F, c) is formed in Cladostephus verticillatus ((33) p^i9), 
but here it arises also from the peripheral layer of the secondary cortex 
((52) p. 520). Both here and in Ptilopogon Sauvageau ((46) p. 474) finds 
evidence of an intermittent formation of the cortex ; this is most pro- 
nounced in the latter genus, where the consecutive strata are delimited 
by marked thickening of the membrane of the outermost cells. 

^ According to Reinke ((33) p. 29) this investment is not formed in P. 
squamulosum Suhr (cf. however (46) p. 465). 
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(c) The Method of Branching 

In Sphacelaria (fig. 92 C, hr) and Chaetopteris (fig. loi K; (12) p. 512) 
the laterals, whether of definite or indefinite growth, almost in- 
variably arise from a cell occupying the whole height of a superior 
segment, or in other words half the length of a primary segment. 
Such branching is described as hemiblastic by Sauvageau ((43) p. 332). 
The insertion of the branch on the parent axis is limited above by a 
primary and below by a secondary septum. The branch-initials are 
probably for the most part peripheral cells, which cease to segment 
at an early stage, but they may consist of entire sectors. Pringsheim 
((31) p. 178) concluded that the initials were nearly always entire 
quadrants, but according to Sauvageau this is rarely so. In species 
with pinnate branching {S. plumigera^ fig. 94 A ; S. plumulay fig. 92 C ; 
Chaetopteris plumosa) practically every superior segment produces a 
pair of functional branch-initials which usually grow out at an early 
stage, but when branching is less plentiful, a large nurhber of the 
initials may remain dormant for a longer or shorter period. These 
dormant initials are often readily recognisable in Sphacelaria^ 
especially in species in which the secondary segments undergo 
abundant septation, as larger cells with denser contents (pericysts, 
(40) p. 3 14) which do not exhibit transverse division (fig. 92 E, p) ; they 
frequently contain the same brown contents as the apical cells. In 
S. radicans and S. olivacea such dormant initials are present in each 
superior segment ((41) pp. 30, 57); in the former they probably grow 
out only in the reproductive phase ((51) p. 64). 

The apical cell of the branch, formed by protrusion of the initial, 
segments in the customary manner (fig. 92 C). In the laterals of 
limited growth the apical cells ultimately cease to function, either 
persisting as pointed cells {S, plumula, fig. 92 D) or dividing by 
variously orientated walls {S. radicans). In Sphacella the branches 
arise as outgrowths from the upper ends of the cells (fig. 92 B). 

In certain species of Sphacelaria (e.g. S. hystrix, S. plumula^ S. 
tribuloidesy fig. 95 A-C), as well as in Chaetopteris ((43) p. 85), the 
branches of limited growth bear colourless sheathed hairs (A) which are 
usually inserted opposite the transverse septa. Their peculiar mode of 
development ((12) p. 517, (31) p. 168, (41) p. 235) shows much similarity 
with the method of branch-formation found in the more specialised 
Sphacelariales. The hair-initials are cut off as small lenticular cells 
(fig. 95 A, m), a little to one side of the tip of the apical cell {a). As 
the latter elongates, the initial comes to occupy a lateral position 
(fig. 95 B) so that, when the apical cell divides (fig. 95 C), the septum 
(t) meets the convex wall of the initial approximately at right angles. 
Hence the position of the mature hairs opposite the septa. Sometimes 
the initial divides in the plane of branching (S. radicans^ (41) p. 32) 
and forms two hairs, or division may go further resulting in a tuft. 



Fig. 95. Branching of Sphacelariales. A~C, Sphacelaria tribuloides Menegh., 
hair-formation. D, Halopteris filicina Kiitz., apex of a vegetative branch, 
showing method of branching. E, H. scoparia (Kiitz.) Sauv., ditto. F, G, 
Sphacelaria furctgera Kiitz., terminal and lateral hairs. H-L, Halopteris 
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If the apical cell ceases growth after the formation of the initial, the 
hair remains in an apical position (fig. 95 G) and may be actually 
terminal (S. plumuluy S. furcigera, fig. 95 F; (41) pp. 98, 372). In 
Alethocladus ((43) pp. 337, 346), which lacks the hairs found in most 
of the more specialised Sphacelariales, the lateral branches develop 
in identically the same way as these hairs of Sphacelaria, The laterals 
consequently lie opposite the primary septa, their bases later extend- 
ing onto the inferior segment above and the superior segment below 
(cf. fig. 97 D). 

The process of hair-formation in Sphacelaria^ as well as the method 
of branching found in the more specialised Sphacelariales (cf. below), 
is interpreted by Magnus ((27) p. 146) and Sauvageau as sympodial in 
nature. The lenticular hair- or branch-initial (fig. 95 A, B, D, in) is 
regarded as the actual apical cell, while the large remaining portion 
{a) of the original apical cell, which segments to form the continuation 
of the axis, is looked upon as a branch. Since this develops from the 
entire segment of the apical cell, this method of branching is styled 
holoblastic by Sauvageau ; it differs from the hemiblastic type also in 
the oblique position of the septum. The main axes of Alethocladus are, 
on this interpretation, sympodia, comprising as many sections as there 
are laterals, each of the latter representing the actual termination of 
the underlying segment of the sympodium. Similarly, the above- 
described hairs of Sphacelaria are regarded as terminal and the axis 
bearing them as a sympodium, the successive joints of which are 
terminated by the hairs. The transverse septum, which abuts on the 
hair-initial of a Sphacelaria or the branch-initial of Alethocladus^ 
divides the original apical cell into a lower primary segment (fig. 95 C, 
sc)y belonging to the joint terminated by the hair or branch, and an 
upper segment {a) constituting the apical cell of a new joint of the 
sympodium. 

As evidence in support of this interpretation Sauvageau ((41) p. 238) 
cites those instances in which such initials develop into terminal hairs 
(fig. 95 F). The hair then occupies its normal position at the apex of 
the axis. Further support for the hypothesis is to be found in the 
details of propagule-formation in Sphacelaria (p. 285). The correct- 
ness of this interpretation is disputed by Reinke and Pringsheim 
((33), (31) p. 150). 

The holoblastic branching of Halopterisy Phloeocaulon and 


funicularis (Mont.) Sauv.; H, J, hemiblastic branching and rhizoid-formation ; 
I, outgrowing pericyst; K, L, transverse sections of long axes, showing forma- 
tion of hemiblastic branches, a, apical cell; aXy axillary initial ; 6, 6r, branches ; 
e, surface-layer of thallus; g, sheath of hair; /i, hair; i, inferior secondary seg- 
ment; iriy initial; m, medulla; meristoderm; />, pericyst; r, thizoid; 
s, superior secondary segment; 5C, primary segment; se^ segment; septum; 
w, shoot of unlimited growth. (D after Goebel; E, I, J after Reinke; the rest 
after Sauvageau.) 
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Ptilopogon shows greater complexity.^ Here (fig. 95 D) the branch- 
initial {in) at an early stage divides horizontally and cuts off a small 
cell {ax) on its upper side. According to Sauvageau’s interpretation 
((43) p. 334) the latter {ax) is the true apical cell, while the lower larger 
cell represents its only segment which elongates and divides to form 
the branch; in other words this branch is actually a lateral of a 
diminutive axis capped by the cell ax. The septum (/), arising in the 
original apical cell {a) of the axis, again abuts on the lenticular branch- 
initial, but always on its lower larger segment. As this lengthens and 
divides to form the branch, the overlying cell {ax) remains in its axil 
(fig. 95 D, the topmost branch on the left), and in the further course 
of events either remains arrested or develops in diverse ways into 
hairs (fig. 95 E, h) or reproductive organs (fig. 102 C). It is the pre- 
sence of such axillary growths that distinguishes HalopteriSy etc. from 
Alethocladus. The laterals of limited and unlimited growth arise in the 
same way ((31) p. 150). Branching in the holoblastic types is neces- 
sarily alternate (fig. 95 D, E) and, if hairs are present, they are always 
axillary in position. The successive apical cells either cut off several 
ordinary segments between the intervals of branch-formation or only 
one segment is formed {Halopterisfilicina, fig. 95 D). This determines 
whether the laterals are separated by marked internodes or not. 

In most species of Halopteris (e.g. H. scoparia) the axillary cell 
divides and gives rise to a tuft of hairs (fig. 95 E, h). H.filicina is, how- 
ever, distinguished by the usual absence of hairs ((12) p. 504, (33) p. 20) 
and by the fact that, although the numerous laterals of a given axis are 
for the most part arranged in two alternating rows, as in other species 
of the genus, the first two are usually both situated on the adaxial side, 
the lowest not uncommonly appearing in a pseudo-axillary position (fig. 
95 D, h'). This is because, in H.filicina^ the axillary cell mostly develops 
into a branch {b') resembling the next one (Z>), which is as usual (cf. 
fig. 95 E) produced on the adaxial side. In occasional individuals, how- 
ever, the axillary branch may be replaced by hairs. 

In Phloeocaulon ((12) p. 509, (46) p. 442) the axillary initial gives rise 
to a group of cells which soon disorganise, while in Ptilopogon it pro- 
duces a cushion of cells which remain dormant until the time of 
fruiting (p. 289). 

Branching in these holoblastic forms may also be hemiblastic, 
although laterals formed by the latter method often appear only in 
older plants. They originate, as in a Sphacelaria, from dormant initials 
(pericysts) formed at an early stage in the segments of the apical cell 
(cf. p. 270). Such branching has not been observed in Halopteris 
filicina^ but is frequent in H. scoparia^ H. funicularis (fig. 95 H-L) 
and Ptilopogon ; in the last some of the fruiting branches are probably 
produced in this way. Most authorities ((31) p. 15 1, (33) p. 23, (46) 
p. 436) speak of these branches as adventitious, but one must agree 


^ Some of the details given by Geyler ((12) p. 484) are erroneous. 
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with Oltmanns ((29) p. 94) in questioning the validity of such a term; 
despite their tardy outgrowth, they are primary in origin. 

Whatever attitude may be taken towards the interpretations of 
Magnus and Sauvageau, it is manifest that the origin of the branch- 
initials in HalopteriSj Phloeocauloriy and Ptilopogoriy from small seg- 
ments of the apical cell itself, results in these genera in a distinct type 
of morphological construction. The hemiblastic mode of branch- 
formation is probably to be regarded as primary, while the holoblastic 
method was perhaps initiated in connection with hair-development.^ 
A subsequent modification resulted in the cutting off from the hair- 
initial of a segment which could grow out into a lateral, giving the 
mode of branch-formation found in most species of Halopteris where, 
however, it is still accompanied by the development of hemiblastic 
branches (cf. above and fig. 95 H-L). //. filicinay which apparently 
no longer has the capacity for hemiblastic branch-formation, would 
thus represent the most specialised member of its genus, and it is 
significant in this connection that the axillary hairs of the other species 
are here usually replaced by a branch (fig. 95 D). Alethocladus would 
represent the culmination of this line of development, since here the 
tendency of the initial to give rise to a hair is completely lost. 

In Cladostephus verticillatus ((12) p. 520, (27) p. 137, (31) p. 152, 
(47), (52) p. 506) the first whorls of laterals of limited growth arise a 
little way behind the apex by the protrusion of peripheral cells of the 
superior secondary segments (figs. 96 A ; 97 G, br) ; the members of 
a whorl do not all necessarily develop at the same time. The first 
segment or segments, cut off from the apical cells thus constituted, 
become part of the axis and undergo copious division (fig. 96 A) to 
form a cushion of tissue (b). In transverse sections through older 
whorls (fig. 97 G) the interspaces between the individual members 
(br) are occupied by a tissue (c) which by degrees completely en- 
velopes their bases and is formed ((52) pp. 512, 518) by radial elonga- 
tion and periclinal division of the peripheral cells situated just above 
a young whorl, the rows of cells thus produced being slightly deflected 
in the downward direction. 

As a result of the abundant septation and elongation taking place 
behind the apex (p. 265), the older whorls appear to arise only from 
the summits of the superior segments (fig. 96 B), although originally 
hemiblastic in origin. The peripheral tissue occupying the lower 
portions of these segments (fig. 96 B, b) — actually representing the 
bases of the primary branches — sooner or later gives rise to other 

^ Sauvageau ((sO p. 67) records the absence of all hemiblastic branching 
in individuals of Sphacelaria radicans grown in cultures. These produced 
abundant hairs and some showed holoblastic branching in relation to the 
latter. These data indicate that the capacity for holoblastic branching exists 
also in Sphacelaria and that it is combined with a suppression of the usual 
hemiblastic method. 
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Fig. 96. Cladostephus verticillatus Ag., longitudinal section of a shoot of un- 
limited growth (after Sauvageau); the successive superior (s) and inferior (j) 
secondary segments are numbered, a, apical cell; 6, cushion of tissue formed 
at base of lateral; m, m\ secondary laterals (see text); t, septum demarcating 
apical cell of lateral. 
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whorls of laterals (fig. 96 B, m). Since these originate only from a 
part of the secondary segment, they are spoken of as meriblastic by 
Sauvageau ((52) p. 515). Other secondary whorls, in part often incom- 
plete, subsequently arise from the peripheral cells of the secondary 
inferior segments {m'). Despite its whorled branching and other 
specialised features, Cladostephus approaches closely to Sphacelaria 
in the mode of formation of the primary laterals and probably repre- 
sents a separate evolutionary line. 

The long branches of Cladostephus, which commonly form a di- 
chotomising system (fig. 91 F), are hemiblastic in origin. The initials, 
constituted by one of the first-formed peripheral cells of a superior 
segment, do not undergo the anticlinal divisions seen in the adjacent 
cells (fig. 97 H, Is); they thus correspond to a number of the initials 
forming the laterals of limited growth {plagioblastic (52) p. 528). 
Pringsheim ((31) p. 148) concluded that branching of the long axes was 
dichotomous, but, according to Sauvageau ((52) p. 526), the segmenta- 
tion he describes occurs only if the apical cell is damaged (p. 279). 

The laterals of limited growth do not exhibit the secondary increase 
in girth shown by the long axes. The members of the first and last 
whorls formed in any given season are simple, while the intermediate 
ones are more or less strongly branched ((52) p. 532), the branches being 
commonly situated on the abaxial side. This branching is always holo- 
blastic (fig. 97 A-C), with formation of axillary hairs, as in Halopteris 
(fig* 97 E), E, h ) ; similar shoots of limited growth may arise direct from 
the basal disc. The axillary hairs usually occur in two pairs (fig. 97 D, 
E), the one in front of the other, the two members of a pair lying in a 
plane perpendicular to that of the branching of the lateral. Each pair 
of hairs originates from a separate lenticular cell (fig. 97 C, ax J, ax 2), 
the two cells being cut off successively from the branch-initial ((52) 
P- 537)* Sauvageau describes numerous modifications of the normal 
plan. 

Dichotomous branching is characteristic of the monoXy^ic Disphacella 
((43) pp. 338, 342) which is imperfectly known. Branching is initiated 
by the apical cell becoming bilobed ; a longitudinal wall then separates 
the lobes which constitute two apical cells. The structure of the axes 
resembles that of the simpler Sphacelarias and pericysts are differenti- 
ated which rather exceptionally grow out into branches. Oltmanns ((29) 
p. 90) suggests that this may be an abnormal form. 

The diverse methods of branching typical of the mature plant of 
Sphacelariales undergo some modification as a result of damage to one 
of the major axes or when the latter die back in the autumn ((41) p. 99, 
(43) p. 82). In S. radicans Sauvageau ((51) p. 64) records an apparently 
natural truncation of all the erect shoots which is followed by the out- 
growth of dormant branch-initials into laterals bearing the reproductive 
organs. When the upper part of an erect shoot is removed, one or more 
of the youngest laterals carry on the growth or a new shoot arises from 
the adjacent inferior segment. If the remaining part bears mature 
laterals only, the intact cells at the exposed surface can grow out into 




Fig. 97. Cladostephus verticillatus Ag. (after Sauvageau). A-C, parts of young 
shoots of limited growth, produced on the prostrate system, and D, E, from 
a young whorl, showing branch-formation; F, young shoot of unlimited 
growth developed from the prostrate system; G, transverse section through 
a shoot of unlimited growth, passing through a whorl of laterals; H, ditto 
through a younger region, showing origin of a shoot of unlimited growth (Is). 
a, apical cell; aXy axiy ax 2, axillary initials; br, branch; c, cortex; /z, hair; 
iy inferior and s, superior secondary segment; zVz, initial; m, medulla; r, rhizoid; 
ty septum. 
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new shoots. Such regeneration from the stumps of shed laterals is 
partly responsible for the fastigiate habit sometimes shown by Halo- 
pteris scoparia (fig. 91 D; (15) p. 347 , (46) p. 355 ). Production of ad- 
ventitious growths from the remains of the fruiting axes of the previous 
season is also seen in Cladostephus verticillatus ((31) p. 162, (52) p. 530), 
where the medullary cells at the exposed surface grow out into branches 
(cf. fig. 106 A, p). 

Damaged apical cells of Sphacelaria are regenerated from the under- 
lying segment ((66) p. 152). If this has undergone transverse division 
only, the upper half constitutes a new apical cell, while if longitudinal 
walls have already arisen one of the resulting cells grows out laterally 
into a new apex. Inferior segments, if they have already divided longi- 
tudinally, cannot produce a new apex, which is then formed from the 
underlying superior segment. According to Sauvageau ((52) p. 530) 
damage to the apical cell of Cladostephus often leads to the regeneration 
of two new apicals, resulting in the dichotomous branching described 
by Pringsheim ((31) p. 148) as a normal phenomenon. If the apical cell 
of Sphacelaria is exposed to a low light-intensity, it grows out into a 
rhizoid (inversion of polarity, (66) p. 165). 

THE PROSTRATE SYSTEM 

A well-developed discoid prostrate system is probably typical for the 
order. Good examples are seen in many species of Sphacelaria (e.g. 
S. olivacea, figs. 98 B, C; 99 B; (35) pi. 46; S, plumigera (41) p. 114), 
as well as in Phloeocaulon and Chaetopteris ((33) p. 17). In all of these 
the erect shoots arise from a basal crust which consists of several 
layers and exhibits marginal growth (fig. 98 B, m). Viewed from 
below (fig. 98 B) the basal layer appears as a system of radiating 
coalescent filaments, which give rise to approximately vertical files 
of cells forming the crust (fig. 98 I) ; there is considerable resemblance 
to a Ralfsia or Lithoderma. As already noted (p. 270) these crusts are 
strengthened by the downgrowth of rhizoids from the erect axes. Not 
uncommonly several crusts grow over one another (fig. 98 G). The 
superjacent strata often belong to distinct individuals, but they may 
also be due to the outgrowth of surface-cells from older crusts which, 
spreading over the latter, produce a new superposed stratum. Very 
elaborate crusts of this kind are formed in Cladostephus verticillatus 
(p. 282). Foreign Algae are sometimes enclosed between the suc- 
cessive strata ((40 p. 58). 

The thick crusts just described are probably always perennial, and 
the species of Sphacelaria possessing them rarely form propagules 
((43) p. 79);^ all of them show transverse septation of the secondary 
segments. The bases of the erect axes are invariably buried amid the 

^ Perennation is, however, impossible in epiphytic or endophytic forms in 
which, during part of the year, the host is lacking or sheds the parts upon 
which the former occur. The mode of persistence of such species is not 
yet clear (cf. (6), (45)). 




Fig. 98. Prostrate system of Sphacelariales. A, Sphacelaria britannica Sauv. 
B, C, I, S. olivacea Pringsh. ; B, the crust from below; C, the same from 
above; I, vertical section showing origin of two erect threads. D, S. radicam 
Harv., basal system with stolons {si). E, S. hipinnata Sauv., endophytic basal 
system {b) and epiphytic stolons {si) on Halidrys. F, G, Cladostephus verti- 
cillatus Ag. ; F, vertical section of crust {b) showing origin of an erect axis {e ) ; 
G, vertical section of compound crust. H, S, caespitula Lyngb., showing the 
endophytic basal system {b). b, prostrate and e, erect systems; c, cortex; 
hi host; m, marginal meristem; />, pericyst; st^ stolon; limits of crusts. 
(F, H after Reinke; the rest after Sauvageau.) 
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vertical rows of the crust (fig. 98 F, I, e) so that the upright shoots 
represent a further development of certain of the latter. 

Basal discs of the type just described are rarely met with in Halopteris 
((46) p. 337), in most species of which the corticating threads envelop 
the bases of the axes with a spongy mass of considerable width, a condi- 
tion well seen in H. scoparia ((46) p. 356). The individual threads spread 
over the substratum. A less highly differentiated prostrate system is 
also found in diverse epiphytic Sphacelarias. In S. drrhosay for instance, 
the disc consists of a single layer of cells ((42) p. 404), whilst in S. 
plumula the short irregular filaments of which it is composed are only 
partly coalescent ((41) p. 102). In the endophytic species the prostrate 
system generally consists of loosely branched threads {S. pulvinatd)^ 
which sometimes form bundles {S, Reinkei) penetrating to some depth 
into the substratum (cf. fig. 98 E, b). Other endophytes possess an 
epiphytic disc, bearing branches which penetrate into the host (e.g. 
S. Novae Caledoniae (4O p. 252). S. caespitula Lyngb. ((33) p. 13) forms 
a several-layered crust of uneven thickness (fig. 98 H, h) within the 
tissues of Laminaria Cloustoni and Saccorhiza bulbosa; the little- 
branched erect threads serve mainly to bear the reproductive organs. 
In Sphacellay inhabiting Carpomitra costatQy the endophytic system 
varies (cf. (33) p. 6, (40) p. 229). 

Reduction of the erect system is commonly encountered among the 
endophytic SphacelariaSy but may occur also in epiphytic species like 
S. olivacea (fig. 99 B). Here the plant is at times represented solely 
by the basal crust ((41 ) p. 56) — a stage described by Kuckuck ((21) 
p. 232) as a distinct genus Sphaceloderma, In such instances the uni- 
locular sporangia are borne directly on the basal stratum (fig. 99 C, 
D, u) and are the only parts of the erect system present. 

The rare lithophyte Battersia ((33) p. 4, (40) p. 224), first discovered 
at Berwick-on-Tweed, may be a similar reduced state of some 
Sphacelaria, although at present there is no evidence to prove that it 
is not an independent genus ((43) p. 80) ; it is certainly a reduced form. 
The thick, many-layered crusts (up to 4 cm. in diameter) consist of 
a number of separate strata (fig. 99 A, 6), while the little-branched 
erect threads (e) exhibit apical growth and occasional longitudinal 
division of their cells. They bear unilocular sporangia (w) and are 
aggregated to form scattered groups. 

In diverse Sphacelarias the basal disc plays a role in the spread of 
the individual over the substratum. Thus, in S. radicans ((41 ) p- 33) 
certain peripheral cells grow out into simple or branched horizontal 
stolons (fig. 98 D, St) possessing the same structure as the upright 
threads. The tips develop into new discs which either produce erect 
threads or give rise to further stolons. Much the same occurs in 
S, Novae Caledoniae ((41) p. 252). In S, cirrhosa ((42) p. 404) some of 
the lower laterals may become prostrate (fig. 99 E) and form new 
discs {d) at their tips. The stolons of S, hipinnatai^) and S. hystrix 




Fig. 99. Prostrate system of Sphacelariales. A, Batter sia mirabilis Reinke, 
vertical section of basal crust with erect threads bearing unilocular sporangia. 
B-D, Sphacelaria olivacea Pringsh. ; B, basal system with erect threads bear- 
ing unilocular sporangia; C, D, vertical sections of parts of the basal crust 
bearing sporangia, in D with two erect shoots. E, S. cirrhosa C. A. Ag., f. 
meridionalis Sauv., primary lateral functioning as a stolon. 6, basal and e, 
erect systems; secondary disc; r, rhizoid; sty stolon; w, unilocular sporangium. 
(A, B after Reinke; C-E after Sauvageau.) 


The elaborate crusts of Cladostephus verticillatus ((33) p. 19, (52) 
p. 492), which are composed of several irregularly superposed strata 
(fig. 98 G) delimited from one another (t) by strong thickening of the 
outer walls of the surface-cells, show a marked capacity for the 
formation of stolons (fig. 106 E, st) from the marginal and superficial 
cells. These produce new crusts at their tips or along their length, 
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while some of them grow on to the parent crust and contribute a 
further stratum. According to Sauvageau the erect axes of this 
species always arise from stolons. 

VEGETATIVE REPRODUCTION 

The stolons described above serve as a means of local vegetative 
reproduction, but many species of Sphacelaria possess propagules of 
characteristic form (fig. 91 B,/)), which constitute an efficient method 
of dispersal. In several, propagules are produced far more frequently 
than sporangia, and such species evidently rely largely on this method 
of reproduction ((43) p. 87). Propagules and sporangia may be 
formed in different seasons {S, hystrix)^ while in other species they 
occur simultaneously, but on different individuals (e.g. S. furcigera ; 
cf. also (s) p. 46) or on different branches (e.g. S, hiradiata). Not un- 
commonly, however, the two types of structures are intermingled 
{S, cirrhosa^ S. bipinnata). 

The propagules invariably arise from dormant branch-initials 
which are nearly always situated in the superior segments. In S, 
plumula and other species ((17), (31) p. 176, (41) p. 105) the initial of the 
propagule becomes protruded as an apical cell (fig. 100 A, a) which 
first cuts off a number of transverse segments (fig. 100 C-F), during 
which it commonly broadens. The first septum, which arises beyond 
the surface of the parent axis (fig. 100 B), marks the point of subse- 
quent detachment of the propagule so that, after the latter is shed, a 
short stalk (sterigma of Janczewski(i6,i7)) remains (fig. 92 D, st) from 
which a further propagule can develop. The subsequent segments 
(2 or 3 in number, fig. 100 E, F) divide into two secondary ones (^, i) 
in the usual way. After this the apical cell cuts off at its summit a 
small lenticular cell (fig. 100 F) which either undergoes no further 
development (S. plumula^ S, fusca) or sooner or later grows out into 
a colourless hair {S, biradiata^ sometimes in S. hystrix^ fig. 100 K, 
M, h). The large remaining portion of the apical cell (fig. 100 F, b)y 
which corresponds to a last primary segment, soon spreads out 
laterally to form the arms of the propagule (fig. 100 G) and usually 
divides by a median longitudinal wall.^ Either before or after this, a 
curved septum arises in each arm and cuts out an apical cell (fig. 100 
G, 1 ) which produces two or more segments (fig. 100 H). The further 
subdivision of these segments and of the cells composing the body of 
the propagule varies according to its final shape. 

According to Janczewski ((16) p. 341) detachment of the propagule 
is due to pressure exerted by its basal cell upon the sterigma; this 

^ Reinke’s figures ((33) tab. iv, figs, ii, 12) of S. furcigeray which show the 
curved septa delimiting the apicals of the arms meeting in the centre, indicate 
that in this species there is no longitudinal division of the body of the slender 
propagule (cf. also (1) p. 21). 
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causes rupture of the external membrane which forms a collar around 
the persisting sterigma. Each time a new propagule develops, a 
further sterigma is formed at its base so that, when repeated innova- 
tion has occurred, the point of insertion exhibits a series of collars. 



Fig. 100. Propagules of Sphacelaria (after Sauvageau). A-H, Sphacelaria 
plumula Zanard.; A-G, stages in the development of the propagule; H, 
mature propagule. I-K, S. cirrhosa C. A. Ag., f. meridionalis Sauv.; I, germi- 
nating propagule; J, K, mature propagules, in J detached, in K in situ. 
L, M, S. hystrix Suhr; L, young and M, mature propagules. a, apical cell; 
b, last and c, last but one segment formed in axis of propagule; br^ branch; 
df basal system; e, erect shoot; /, foot (pedicel) of propagule; hy hair; *, in- 
ferior and Sy superior secondary segment; /, arm of propagule; sty sterigma. 

The propagule may have the shape of a broad (S. tribuloides) or 
narrow (S. plumula, fig. 100 H) wedge, or the two arms may be pro- 
duced and more or less cylindrical {S. furcigera) or fusiform {S. 
biradiata). In certain species {S. hystrix, fig. 100 M; S. fusca; S, 
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cirrhosa^ figs. 91 B, 100 J) the body of the propagule is prolonged 
into three arms ^ lying in different planes and the number of arms is 
then not uncommonly variable; there may be 2, or 4 or 5. Since the 
lower part (foot, fig. ioo\f) of the propagule constitutes an additional 
arm, the two-armed types after detachment appear triradiate, the 
three-armed ones quadriradiate (fig. 100 J). In S. furcigera one or 
both of the arms may be branched, and this is more marked in 
S. divaricata Mont. ((41) p. 409), where the propagules commonly 
show repeated forking in one plane, each fork being surmounted 
by an arrested lenticular cell.^ 

The propagules are clearly modified branches. Particularly when 
the arms are developed as cylindrical rays, they afford a clear example 
of “ dichasial ** or “ trichasial ** branching which, in S. divaricata, may 
moreover take place repeatedly. As Oltmanns ((ag) p. 95) points out, 
the mode of development of the propagules, especially in those 
instances in which the apical cell grows out into a hair (fig. 100 M), 
lends considerable support to the view that the holoblastic branching 
described on p. 273 is sympodial in character. 

The rayed types of propagules probably float easily and will readily 
become anchored among surrounding algal growth, while the cuneate 
types being more massive perhaps harbour more reserve food ((43) 
p. 89). Any one of the arms (including the foot) can develop into a 
new plant if it comes into contact with a suitable substratum (cf. 
also (16) p. 343, (45) p. 312). It gives rise to a short filament which 
expands into a disc (fig. 100 I, d) from which the erect axes [e) arise. 
The arms, not in contact with the substratum, usually produce a tuft 
of hairs Qi), one of which is formed from the apical initial. 

No other member of the order possesses the specialised propagules 
met with in Sphacelaria, but many can probably propagate vegetatively 
with the help of detached branches, as has been observed in S. plumula 
((4i> p. 102), as well as in Halopteris scoparia ((46) p. 356). In either 
instance the peripheral cells of the lower segments grow out into 
plentiful rhizoids, and in H. scoparia these are stated to be capable of 
producing new erect axes. 

THE ARRANGEMENT OF THE SPORANGIA 

Both uni- and plurilocular sporangia, not uncommonly found on 
distinct individuals, are known in a considerable number of Sphace- 
lariales. The two kinds of organs usually occupy a similar position, 
but there is much diversity in their mode of arrangement. 

^ The shape of the arms is not altogether constant. According to Sauvageau 
((44) p. 199) the propagules of northern forms of S. cirrhosa have cylindrical 
arms, whilst in the more southern forms they are fusiform and tend to increase 
in number. 

* In S. olivacea Pringsheim ((31) p. 178) recorded the development from 
dormant initials of grape-like clusters, assumed to play a r 61 e in vegetative 
reproducition. They have not since been observed. 




Fig. loi. Reproductive organs of Sphacelaria (A-E, G, L) and Chaetopteris 
(F, H, K). A, Sphacelaria furcigera Kutz., unilocular sporangium. B, S. 
racemosa Grev., part of erect axis with fruiting branches (/). C-E, G, S. 
hystrix Suhr; C, D, female (?) and E male(?) plurilocular sporangia, dehisced 
in D; G', male(?) and G, female (?) swarmers from same. F, H, K, Chaeto- 
pteris plumosa Kiitz. ; F, swarmers from plurilocular and H, ditto from uni- 
locular sporangia; K, longitudinal section of an older shoot, with fruiting 
branches (/). I, Sphacelaria hritannica Sauv., unilocular sporangia, that on 
the left dehisced. J, S. Reinkei Sauv., branch with unilocular sporangia. 
L, S. bracteata Sauv., pseudo-axillary plurilocular sporangia, c, chromato- 
phore; e, stigma; /, fruiting lateral; t, inferior and 5 , superior secondary 
segment; /, lateral; o, apertures in sporangium wall; />, plurilocular and t/, 
unilocular sporangium; pe^ pericyst; r, rhizoidal cortex; ^, stigma; st, sterile 
lateral. (B, K after Reinke; F, H after Kuckuck; the rest after Sauvageau.) 
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In Sphacelaria the sporangia are generally borne terminally on 
simple or branched laterals (fig. loi B), which are often short and may 
be reduced to a single cell (fig. loi A). In S, radicans ((21) p. 231, (63)) 
the paired sporangia are sessile. The fertile branches mostly, if not 
invariably, arise from dormant branch-initials (fig. 10 1 J, pe). In 
species with a simple structure (e.g. S. olivacea) there is little distinc- 
tion between them and the vegetative branches, but in those showing 
abundant septation {S . plumigera, S. racemosa^ etc.) the fertile laterals 
remain comparatively simple and are not uncommonly uniseriate 
(fig. loi B,/). Special instances are afforded by bracteata{Uo)p. 253), 
where the fertile branches are pseudo-axillary (fig. 10 1 L), which is 
due to the fact that the first abaxial lateral (st) remains sterile; and by 
S. Borneti ((13) p. 38, (33) p. 15) and S. Reinkei ((40) p. 316), where the 
fertile branches are sympodial in structure and usually bear all the 
sporangia on the adaxial side (fig. loi J). In Battersia (fig. 99 A) and 
Sphacella (fig. 92 A) the sporangia are terminal or lateral on the 
ordinary erect threads. 

In Chaetopteris (fig. 10 1 K) formation of fertile branches is rele- 
gated to the peripheral cells of the rhizoidal cortex (cf. Desmarestia). 
These branches show quite an irregular distribution and possess a 
simple multiseriate structure ; the sporangia are borne at the ends of 
few-celled laterals, but there are no other branches. 

The sporangia of Halopteris are found in the axils of laterals of 
higher orders (fig. 102 C), which constitute the “bracts^* of Reinke 
and Sauvageau; the sporangia develop from the axillary initials de- 
scribed on p. 274 so that on Sauvageau ’s interpretation they are 
actually terminal in position. In H.filidna (fig. 102 A-C) they usually 
occur singly on short stalks in the axils of branchlets (bracts) and 
replace the “ axillary’^ laterals present on the larger axes; sometimes, 
however, the initial divides so that two or even four sporangia occur 
in the same axil. In other species (e.g. H. funicularis (46) p. 400) the 
axillary initial undergoes more plentiful division and forms a cushion 
of cells (fig. 102 F-L), each of which can grow out into a branched 
uniseriate (rarely biseriate) thread bearing a number of sporangia 
(fig. 102 D); A more advanced condition is seen in H. scoparia 
(fig. 102 N), in which such sori {sp) with their subtending “bracts’* 
(br) are united into spikelets situated at the ends of the branches^ 
((46) p. 365). The lower laterals (5^) of these spikelets are sterile and 
distichous, whilst the upper fertile ones (br) are tetrastichous. Much 
the same occurs in H, hordaceUy but here the sessile sporangia are 
crowded together on the axillary cushions ((46) p. 426). 

The fertile systems are likewise arranged in spikelets in Phloeo- 

^ Reinke’s ((33) p. 32) Anisocladus was established for an alga in which all 
the fertile shoots arose secondarily from dormant initials. Sauvageau ((46) 
PP- 396, 412) has shown that this feature is inconstant and that production of 
sporangia on secondary shoots also occasionally occurs in Halopteris. 
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Fig. 102. Reproductive organs of Halopteris. A-C, H. filicina Kiitz.; A, the 
pseudo-axillary unilocular sporangium ; B, part of an axis, with the two kinds 
of plurilocular sporangia; C, reproductive branch, with unilocular sporangia. 
D, H. funicularis (Mont.) Sauv., reproductive branch with unilocular spo- 
rangia. E-N, H. scoparia (Kiitz.) Sauv.; E, part of a longitudinal section of a 
fertile spike, showing axillary unilocular sporangia; F-L, successive develop- 
ment of an axillary cushion, in transverse section; M, young axillary cushion 
seen in longitudinal section; N, a fertile spike, a, axillary cushion; 
auy axillary unilocular sporangium; 6r, “bract”;/, female and w, male pluri- 
locular sporangium; i, inferior and s, superior secondary segment; sp, 
sporangium; st, sterile lateral; w, unilocular sporangium. (A, C, N after 
Reinke ; the rest after Sauvageau.) 
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caulon (fig. 103 A), but here the cushions produced from the axillary 
initials give rise, on either side of the sorus, to a short branch (fig. 
103 A-C, br) which occupies the position of a “bracteole” with re- 
spect to the subtending “bract’' {b\ (33) p. 30). In P. foecundum ((46) 
p. 454) additional sporangia (fig. 103 D, au) arise adventitiously from 
the peripheral cells of the axis of the spikelet. 

In Ptilopogon ((33) p. 35, (46) p. 476) most of the fertile branches are 
again axillary (fig. 103 I,/), arising from large-celled cushions {ax), 
which are produced in the axils of the laterals of limited growth (/) ; 
these remain dormant for a considerable time and as a result become 
deeply embedded in the secondary cortex {c, cf. p. 268). When the 
reproductive period sets in, the cushions develop into branches which 
remain apposed to the subtending lateral (fig. 103 I,/) ahd at or near 
the surface of the cortex give rise to a tuft of threads bearing the 
sporangia (fig. 103 E -G). Similar fertile branches (fig. 103 I, af) also 
arise from other points on the axis, their exact mode of origin being 
not yet clear ((46) p. 477). 

The fertile branches of Cladostephus verticillatus ((23 «) p. 444, (31) 
p. 158, (52) pp. 490, 556; cf. also (59) p. 45), lastly, are formed suc- 
cessively during winter from the basal parts of the older axes, at a 
time when the upper portions have often largely perished (fig. 106 A). 
The fertile laterals ultimately constitute dense cushions (/), which 
more or less completely envelop the perennating parts. They arise 
from surface-cells of the secondary cortex (fig. 103 H), or of the 
rhizoidal cortex, and continued growth of these tissues often results in 
the bases of the fertile laterals (/) becoming embedded. The fertile 
branches are in general simpler than the vegetative ones, but they 
vary considerably in the amount of septation and the number of 
sporangia, as well as in the presence or absence of lateral hairs and 
branches, both of which are holoblastic in origin ; the sporangia are 
borne on the superior secondary segments. The mode of origin of the 
fertile branches of Cladostephus resembles that of Chaetopteris. 

The unilocular sporangia are generally globular or oblong in form 
(figs. loi A, B, J ; 102 C, D, L, w). At maturity the contents enclosed 
in a common mucilage-envelope escape through an apical aperture, 
the individual swarmers slowly separating from one another ((6) p. 17, 
(30), (31) p. 161). The plurilocular sporangia ((40) p. 217) are commonly 
spherical or oblong (figs. 10 1 C-E, K, L; 102 B) and never markedly 
elongate. They generally possess only two series of compartments, 
often surrounding a central cavity. The swarmers are either liberated 
individually from each loculus {Sphacelaria (23) p. 375 ; Cladostephus) 
or the septa disappear at maturity and all the contents are set free 
through an apical aperture {Halopteris, Sphacelaria olivacea (41) p. 59). 

Proliferation of the unilocular sporangia is frequent. The stalk-cell 
may grow into a vegetative branch ((3O p. 170), but more usually 
another sporangium is formed (fig. 99 B). In Cladostephus verti- 
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Fig. 103. Reproductive organs of Phloeocaulon^ Ptilopogon^ and Cladostephus. 
A, B, Phloeocaulon spectabile Reinke; A, fertile spike with plurilocular 
sporangia; B, small part of same eplarged, showing the “bracteoles” (br). 
C, D, P.foecundum Sauv.; C, “ bract” {b), with the two axillary sporangia and 
the two “bracteoles” {br)\ D, the same, together with part of the underlying 
axis from which the “bracts” have been removed, showing adventitious 
sporangia {au). E-G, I, Ptilopogon botryocladus Reinke; E, part of a fertile 
plant, with adventitious branches bearing plurilocular sporangia; F, G, the 
same bearing unilocular sporangia; I, diagrammatic longitudinal section of a 
shoot of unlimited growth showing dormant axillary cushions {ax) and others 
which have grown out into fertile branches (/). H, Cladostephus verticillatus 
Ag., part of a long shoot in longitudinal section, with reproductive branches. 
K, L, C. spongiosus C. Ag., swarmers. <2/, accessory and axy axillary fertile 
branches; «m, adventitious sporangium; 6, “bract”; ftr, “bracteole”; 
Cy cortex;/, fertile branch; hy hair; /, lateral; w, medulla; p, plurilocular and 
Uy unilocular sporangium. (C, D, I after Sauvageau; H after Pringsheim; 
K, L after Kuckuck ; the rest after Reinke.) 
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cillatus the underlying cell ((31) p. 162) bulges into the sporangium 
before it has discharged its contents. Except where heterogamy is 
suspected, there is no essential difference between the swarmers from 
the two types of sporangia. They possess (figs. loi F, H; 103 L; 
104 F) one or more chromatophores (^:), one of which commonly 
bears an eye-spot {s). According to Kuckuck ((24) p. 178) both kinds 
of sporangia are usually formed during the cold season. 

THE LIFE-CYCLE 

The unilocular sporangia are no doubt normally organs of asexual 
reproduction, reduction during spore-formation having been demon- 
strated in Sphacelaria bipinnata (6), Halopteris scoparia (15) and //. 
filicina (28). Since plurilocular sporangia commonly occur on distinct 
individuals and their swarmers have been shown to behave as gametes 
in Cladostephns spongiosus (56) and Sphacelaria bipinnata (30), such 
plants must be haploid, although this has not up to the present been 
proved cytologically. Plurilocular sporangia may, however, also 
occur on the same individuals as the unilocular ones and, in S. 
bipinnata ((6) p. 17), their swarmers have been shown to be diploid, as 
in many Ectocarpales (cf. also (24) p. 179). The two types of sporangia 
are found on the same plant in several other species of Sphacelaria 
((31) p. 170, (41), (42)), although in most of these (cf. e.g. (21) p. 232) 
individuals bearing plurilocular sporangia alone are also recorded, 
suggesting the probable existence of haploid plants. About 90% of 
the individuals of S. bipinnata examined by Papenfuss (30) bore uni- 
locular sporangia only. 

It is significant that the species of Halopteris, apart from H, filicina 
((43) p. 419), never bear the two types of sporangia on the same plant. 
This segregation is also found in Phloeocaulon, Ptilopogon, Chaeto- 
pteris, and Cladostephus . This implies that, in the more specialised 
Sphacelariales, the occurrence of plurilocular sporangia (presumably 
always diploid) on individuals bearing the unilocular type has, as in 
Ectocarpales (cf. p. 13 1), either become exceptional or is altogether 
suppressed. 

Fusion of the swarmers from the plurilocular sporangia has been 
demonstrated in Cladostephus spongiosus. Schreiber(56) observed 
abundant copulation (fig. 104 A-E) and established that there are 
positive and negative strains. The two types of gametes are indis- 
tinguishable, but the female (fig. 104 B,/) round off at an early stage 
and, losing their flagella, are sought out by the more active male 
gametes (m). Schreiber concludes that, in C. spongiosus, there is an 
isomorphic alternation between a sporophyte with unilocular and a 
gametophyte with plurilocular sporangia (gametangia). Both types 
of gametes can also develop apogamously ((56) p. 240). The same 
authority failed to obtain fusion of the swarmers from the plurilocular 
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Sporangia of Chaetopteris plumosa and therefore regards them as 
diploid, but it is equally possible that some factor in the cultures 
prevented the occurrence of sexual fusion. 

In Sphacelaria bipinnata Clint ((6) p. 17) records the fusion of the 
haploid swarmers from the unilocular sporangia, although the data 
are not convincing and give the impression of abnormal occurrences. 
Papenfuss ((30) p. 443) did not observe any such fusion, although the 
germlings from these swarmers (fig. 104 G-I) did not develop beyond 
the one-celled stage ; this is perhaps related to the endophytic habit of 
the species in question. The swarmers from the plurilocular sporangia 
of diploid plants likewise failed to fuse, but in plants bearing such 



Fig. 104. A-E, Cladostephus spongiosus C. Ag. ; A-D, sexual fusion; E, 
zygote. F-M, Sphacelaria bipinnata Sauv. ; F, zoospore; G-I, stages in 
germination of same; J, gamete; K, L, zygotes; M, motile zygote, c, chroma- 
tophore; /, female and w, male gamete; 5, stigma. (A~E after Schreiber; 
F~M after Papenfuss.) 

Sporangia only they function as gametangia. This species is mon- 
oecious, and both gametes are motile when they copulate ; the two 
corresponding flagella of the zygote are usually wound round one 
another (fig. 104 M) and the product remains motile for several hours. 

Swarmers from the unilocular sporangia have also been stated to 
copulate in Halopteris filicina and H. scoparia ((20) p. 318), although 
Higgins (15) failed to corroborate this in the latter species. The possi- 
bility of such fusion cannot be denied in view of its occurrence in 
Ectocarpales. SauvageauCsO, however, grew practically mature plants 
of H. scoparia from the swarmers of the unilocular sporangia without 
observing fusion, a fact which is strongly in favour of their being 
asexual. On the other hand, the swarmers from the plurilocular 
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Sporangia of Cladostephus verticillatus developed directly into vigorous 
plants ((52) p. 563 ; cf. also (so)), which either implies that they were 
diploid or that apogamous development readily occurs in this species. 

The gametangia of Cladostephus spongiosus and Sphacelaria hi- 
pinnata are all of one type, and this appears to be true of several other 
Sphacelarias (e.g. < 5 . olivacea ((41) p. 59). Several species of Sphacelaria 
and Halopterisy however, produce plurilocular sporangia of two kinds 
and in all of these the unilocular sporangia seem to occur on distinct 
individuals. In Sphacelaria hystrix ((39), (42) p. 339) the two types of 
sporangia differ in the size of their compartments (fig. 10 1 C-E); the 
swarmers of the one (fig. 10 1 G) are relatively large and possess several 
chromatophores (t:), whilst those of the other type (fig. 10 1 G') are 
small and colourless. Fusion has not been observed, nor has it been 
possible to secure germination of either kind of swarmer. It is 
probable that these swarmers are gametes and that the plants pro- 
ducing them are gametophytic. Both they and the individuals bearing 
unilocular sporangia produce propagules, which are, however, formed 
at a later stage on special threads arising from dormant initials (4S). 
Two types of plurilocular sporangia are also known in S. furcigera 
((i) p. 22, (4O p. 377), but here both have relatively large compartments 
(megasporangia and meiosporangia ?). 

Sauvageau likewise records two types of plurilocular sporangia in 
Halopteris filicina ((43) p. 419), Phloeocaulon ((46) pp. 462, 467), and 
Ptilopogon ((46) p. 479). They differ in colour and in the size of their 
compartments (fig. 102 B), those of the supposed female gametangia 
(/) being twice as large as those of the supposed male (m). The same 
authority has published data that indicate a possible further dif- 
ferentiation in certain species of Halopteris. In the spikelets of a dried 
specimen of H, scoparia ((46) p. 370, (48)), he observed reproductive 
organs of two types, viz. (a) “ antheridia^\ with a single apical aper- 
ture and containing numerous small cytoplasmic masses arranged as 
in a plurilocular sporangium, although septa were not recognisable, 
and (h) somewhat pyriform “oogonia’\ containing a single strongly 
contracted mass of cytoplasm. Similar structures are also believed to 
occur in //. hordacea ((46) p. 428).^ 

The observations relating to Halopteris and Phloeocaulon were made 
on herbarium specimens in which the reproductive organs were no 
doubt poorly preserved, but they cannot for this reason be dismissed 
as of no value, coming as they do from so reputable an investigator. 
They indicate with a considerable degree of probability that in many, 
if not in all, the species of these two genera there are two types of 
plurilocular sporangia. The implied existence of heterogamy is quite 
in conformity with the high degree of anatomical and morphological 

^ Sauvageau ((46) p. 401) regards the plurilocular sporangia found by 
Reinke ((33) pi. VIII, fig. 8) in H. funicularis as antheridia and concludes that 
in this species the two types of “sex organs*’ are borne on distinct plants. 
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differentiation exhibited by the genera in question. Greater doubts 
may be felt as to the existence of oogonia with a single ovum in certain 
species of Halopteris (cf. also (is) p. 352), although this cannot be 
regarded as altogether improbable. Those who are favourably situated 
for the study of these species should attempt to elucidate these im- 
portant problems. 

THE EARLY STAGES OF DEVELOPMENT 

The first stages of germination of the spores resemble those of other 
Phaeophyceae already considered (fig. 104 G-I). In Sphacelarias^ 
provided with a discoid basal system, the latter probably develops 
first. In Halopteris hordacea ((46) p. 429) and H, scoparia (51) a compact 
parenchymatous disc (fig. 105 C, D, d) is formed before the erect 
shoots develop. 

In H. scoparia^ this disc generally gives rise to a single upright 
thread (fig. 105 C, D, i) having a simple multiseriate structure (fig. 
105 A, B, i) and bearing a number of hairs (h), though otherwise 
unbranched. After some little time its growth terminates, but before 
this happens it produces from one of its lower segments a single 
lateral (fig. 105 B, 2) which develops into a thread of the second 
generation. This is rather more robust and bears a number of di- 
stichous branches, as well as hairs (fig. 105 A, 2). This second axis, in its 
turn, ultimately ceases to grow and produces from near its base a still 
more vigorous lateral of the third generation (fig. 105 A, j). Ultimately 
a fourth arises in the same way, and this (fig. 105 A, 4) develops into 
the mature plant. The production of each successive generation from 
a basal segment of the previous one recalls the late formation of 
laterals from dormant branch-initials in the mature individuals of 
Halopteris, 

Such a development probably occurs also in other species of Halo- 
pteris. In H.filicina ((43) p. 41 1), although the first-formed erect thread 
may develop into an adult shoot, its growth is commonly limited, the 
functional mature shoot then arising as a lateral branch from near its 
base. The first erect thread of this species soon branches and develops 
rhizoids from its lower cells. These envelop the part of the axis below 
and spread out over the substratum, where they expand into small discs 
which may fuse to form larger ones and which give rise to other erect 
axes ; these may exhibit a similar development. 

The small disc produced from the swarmers (fig. 106 B, C, d) of 
Cladostephus verticillatus ((49), (52) p. 566) always gives rise in the first 
place to a long hair Qi), after which a simple erect thread of limited 

^ The gelatinous envelope of the disc is derived, according to Sauvageau 
((sO p. 47), from the membrane of the spore. The small body g in fig. 105 C 
and D, which much resembles an original spore which has undergone division, 
is regarded by Sauvageau as a problematic outgrowth from the disc. 
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growth (fig. 106 B-D, j) is formed. Subsequently other more robust 
axes develop from surface-cells of the enlarging disc (fig. 106 D, 2-^), 
but it is only after a number of these have been formed that there 



Fig. 105. Halopteris scoparia (Kiitz.) Sauv., early development (after 
Sauvageau). A, diagram of development, the dotted lines representing hairs, 
1-4 the successively developing axes; B, development of second axis (2) from 
base of primary one (1); C, D, early stages, showing embryonic disc {d) and 
base of primary axis (i). «, apical cell; dy basal system; g, body of doubtful 
nature; hy hair; /), pericyst. 

arises a shoot of unlimited growth (5) which develops the charac- 
teristic whorled branching and other features of the mature axis. The 
successive primary shoots are all of limited growth and show in- 


296 


SPHACELARIALES 



Fig. 106. Cladostephus verticillatus Ag. (after Sauvageau). A, part of a fertile 
plant in which the long shoots have shed the laterals of unlimited growth; 
some of the truncated ends are proliferating (/>), while numerous new shoots 
(i) are arising from the basal disc {d). B, C, early stages in development. 
D, a much later stage, showing commencing development of the mature 
shoot (m), 1-5 the successively formed axes. E, still later stage showing 
further development of the mature shoot and formation of stolons (if) from 
the basal disc, d, basal disc; e, erect shoots;/, fertile tracts; /z, hairs; /, lateral. 
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creasing complexity. In the first many of the lower secondary seg- 
ments do not undergo longitudinal division, but in the later ones such 
segmentation occurs more regularly. The first-formed shoot often 
bears solitary hairs only, while the subsequent ones (fig. 106 D) pro- 
duce geminate hairs and show occasional holoblastic branching with 
axillary hairs. 

Further complication is introduced by the production, from certain 
cells of the disc, of curved stolons (fig. 106 E, st) which are homo- 
logous with the upright shoots. They spread in all directions over the 
substratum, developing occasional coralloid haptera, especially near 
the bases of the upright axes that originate from the stolons. Other 
stolons, as already mentioned (p. 282), arise as prolongations of some 
of the radial files of cells composing the disc. 


THE GENUS CHORISTOCARPUS 

Choristocarpus tenellus {Ectocarpus tenellus Kiitz.) ((10) p. 65, (22), (25) 
p. 13, (53) p. 158, (65) p. i), found in deep water in the Mediterranean, 
is a small form with uniseriate filaments (fig. 107 A) exhibiting well- 
marked apical growth and alternate branching. The segments of the 
apical cell undergo no further appreciable elongation (fig. 107 B). The 
thin-walled cells contain numerous rounded or oblong chromato- 
phores which are without pyrenoids ; they are densely packed in the 
apical cells, but less closely in the others (fig. 107 B) so that the 
elongate cells present a rather characteristic transparent appearance. 

The approximation to one of the simpler Sphacelariales is increased 
by the abundant production of propagules ((14), (22) p. 310), although 
these do not possess the characteristic shape of those of Sphacelaria. 
They are oblong structures borne on a unicellular stalk (fig. 107 A, p) 
and usually composed of two cells (fig. 107 D), although sometimes 
undivided or three-celled. Each cell is uninucleate and has alveolar 
cytoplasm; in the nature of the cell-contents there is much re- 
semblance to the monospores of Tilopteridales (p. 156). After 
detachment of the propagule the stalk can produce a second. 

Plants bearing such propagules also produce sessile unilocular 
sporangia occupying the same position as the former (fig. 107 A, u) 
and producing about 16 swarmers delimited by mucilage-septa (fig. 
107 E). The swarmers ((25) p. 13), which are set free by an apical 
rupture of the sporangium, are large and move slowly; they possess 
numerous chromatophores, with an eye-spot next to the point of 
attachment of the flagella (fig. 107 F). Mature plants bearing propa- 
gules have been grown from these swarmers. Other individuals, 
apparently devoid of propagules, bear plurilocular sporangia (fig. 
107 C) which are likewise sessile and spherical or oblong in shape 
((22) p. 314). The fate of the contents is unknown. 
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Fig. 107. A-F, Choristocarpus tenellus (Kiitz.) Zanard.; A, part of a thread, 
with a propagule and two unilocular sporangia, the lower dehisced ; B, apex 
of a thread; C, plurilocular sporangium; D, propagule; E, unilocular spo- 
rangium; F, swarmers from same. G-I, Discosporangium mesarthrocarpum 
(Menegh.) Hauck; G, threads with plurilocular sporangia; H, I, the same 
enlarged, H in optical longitudinal section, I from the surface, r, chromato- 
phore; 0, aperture of unilocular sporangium; />, propagule; />/, plurilocular 
and w, unilocular sporangium; s, swarmer. (G-I after Falkenberg; the rest 
after Kuckuck.) 
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Kjellman ((19) p. 190) placed the rare alga Discosporangium (jo), only 
once found in the Bay of Naples, together with Choristocarpus in a 
family Choristocarpaceae. Falkenberg had already emphasised the 
general resemblances in vegetative characters, although the branches 
in Discosporangium arise from the middle of the parent-cell (fig. 107 G). 
The sole reproductive organs, so far observed, are plurilocular sporangia 
which form a one-layered plate around the middle of the elongate 
vegetative cells (fig. 107 G-I); in some ways they recall those of 
Zosterocarpus (p. 55). 

The systematic position of Discosporangium remains altogether 
obscure. The apical growth and other features suggest an affinity with 
Choristocarpus, but the reproductive organs scarcely lend support for 
such a relationship ((22) p. 317, (25)). Schmidt (55) contributes nothing. 

THE AFFINITIES AND STATUS OF 
THE SPHACELARIALES 

In their pronounced apical growth and characteristic segmentation 
the Sphacelariales form a clearly defined group which is almost 
certainly a natural one. The numerous modifications that occur are 
all traceable to a common plan and warrant the assumption of an 
ancestry among simple filamentous types with apical growth.^ Such 
a type is furnished by Choristocarpus , which Kylin ((26) p. 306) refers 
to Sphacelariales, a point of view with which one may well concur. 
Apart from the resemblance in mode of growth and cell-structure, the 
occurrence of propagules in Choristocarpus serves to emphasise the 
affinity. Kuckuck ((22) p. 3 16) drew attention to the marked similarity 
between the young propagules of Sphacelaria tribuloides and those of 
Choristocarpus. The greater degree of elaboration of the mature 
propagules of Sphacelaria has perhaps gone hand in hand with the 
differentiation of the vegetative system. There is much similarity, too, 
between Choristocarpus and Sphacella. In the latter the simple 
structure is possibly a result of reduction and, without further in- 
vestigation, it is impossible to say whether this may not also be true 
of Choristocarpus. Be that as it may, both genera exemplify little- 
differentiated forms which, except in their apical growth, are not 
readily separated from the simpler Ectocarpales. 

It has been pointed out above that in many, if not in all, Sphace- 
lariales the life-cycle probably involves an isomorphic alternation 
between asexual and sexual individuals; in this respect the Sphace- 
lariales contrast markedly with the polystichous Ectocarpales. The 
type of alternation also directs attention to forms like the simpler 
isomorphic Ectocarpaceae for the origin of the members of this 
order. They probably represent one of the numerous lines of evolution 
arising from simple filamentous Brown Algae, Choristocarpus being 
possibly an offshoot from this line (cf. also (67) p. 76). 

^ In this connection see also the genus Acrocytis of Rosenvinge ((38) p. 8). 
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An affinity between Sphacelariales and Tilopteridales has also been 
suggested ((s2«) p. 65, (s?)), the monospores of the latter being regarded 
as equivalent to the propagules of the former. Despite certain re- 
semblances, the importance of which it is difficult to evaluate in the 
present state of our knowledge, the Tilopteridales appear to be widely 
removed from the Sphacelariales by their intercalary (trichothallic) 
growth and by the fact that the monospores, whatever be their 
function, are of the nature of spores, since they are formed within 
definite sporangia. 

Oltmanns, largely on the basis of Sauvageau's investigations, sub- 
divides the order into : 

1. Sphacelariaceae: Battersia, Chaetopteris, Disphacella, Sphacella, 
Sphacelaria. 

2. Stypocaulaceae: Alethocladus, Halopteris (inch Stypocaulon), 
Phloeocaulon, Ptilopogon. 

3. Cladostephaceae: Cladostephus. 

To these may be added : 

4. Choristocarpaceae: Choristocarpus. 
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Order VIII. DICTYOTALES 
The genera classed in this order form a natural group, distinguished 
not only by the apical growth, the usual dichotomous branching in 
one plane (figs. io8 A; no A, B, G), and the lack of anatomical dif- 
ferentiation of the foliose thalli, but also by the oogamous sexual 
reproduction and the probable occurrence of isomorphic alternation 
in all the members. The asexual phase bears sporangia (fig. io8 G, sp) 
which produce large motionless spores, commonly in fours {tetra- 
spores)^ though other numbers sometimes occur. The antheridia and 
oogonia of the sexual phase are commonly grouped in well-defined 
sori (fig. 1 12 A, B), and the single ovum is, as usual in Phaeophyceae, 
liberated prior to fertilisation. The antheridia (fig. 1 12 F) resemble the 
plurilocular sporangia of other orders and produce numerous minute 
colourless spermatozoids (fig. 112 C). There are no evident affinities 
with other specialised Phaeophyceae exhibiting apical growth, and 
the nearest relatives must be sought among the less highly differenti- 
ated forms. The Dictyotales, like the Sphacelariales, have probably 
originated from simple filamentous types with an isomorphic life- 
cycle, although evolution has here followed a different course. Most 
of the non-European genera are imperfectly known. 

The Dictyotales are for the most part inhabitants of warmer seas 
(cf. e.g. (24) p. loi, (57) p. 1 16, (73) p. 507). The three largest genera 
— Dictyotay Padinay and Dictyopteris {N eurocarpus ^ Halyseris) — are 
practically world-wide in their distribution, but, except for the first 
with two, each is represented only by a single species on North 
European shores. The northern part of North America, both on the 
Atlantic and Pacific coasts, is practically destitute of representatives of 
this order ((19), (55) p. 168, ($6) p. 650, (58)). The considerable genus 
Zonaria is widely distributed in warmer regions, a common tropical 
species being Z. variegata; several species are recorded from New 
Zealand ((26) p. 218), although none occur in North Temperate regions. 
Taonia atomaria is found over a large part of Northern Europe and is 
known from the Canary Isles and the Mediterranean. The Dictyotales, 
especially species of Zonaria y are well represented in the Southern 
Hemisphere, and the remarkable genus Lobospira is so far only recorded 
from Australia. 

Most Dictyotales grow in permanently submerged situations and the 
normal habitat is probably in water of some depth. Certain species 
(Dictyota dichotomay Padina pavonia) are, however, commonly found in 
rock-pools between tide-levels and it is evident that various Dictyotales 
can exist in a variety of situations (cf. also ((zo) p. 252). 

VEGETATIVE STRUCTURE 

Dictyota dichotoma ((15), (44) p. 184, (47) p. 3, (59) p. 7), the commonest 
British representative, is a widely distributed annual. The familiar 
forked fronds (fig. 108 A), all the branches of which are ‘normally 
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Fig. io8. Dictyota dichotoma (Huds.) Lamour. A, habit; B, basal part of a 
plant showing adventitious branches; C, apex of thallus in surface-view; 

D, segment of thallus in transverse section, 2 the first division-walls; 

E, apical cell and segmentation; F, dichotomy; G, section of thallus bearing 
tetrasporangia(0. adventitious branch ; 6, basal cell of sporangium; c, central 
cell of thallus; gy refractive globules; hy hair; i, apical cell; />, peripheral layer 
of thallus; Sy cylindrical basal part of thallus; spy sporangium. (A, G after 
Thuret; B after Reinke; C, F after Cohn; D, E after Wenderoth.) 


cylindrical (fig. 108 B, s) and commonly gives rise to adventitious 
laterals (a), some of which may develop as horizontal stolons ((47) p. 4).^ 

^ It is not altogether clear whether the erect fronds are lateral branches of 
the rhizomje or, as"is perhaps more probable from analogy with PadinOy 
represent its upturned ends. 
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Both the lower cylindrical parts and the flattened fronds, into which 
they gradually expand (fig. 108 B), grow by means of a single lenti- 
cular apical cell (fig. 108 C, i) which, when viewed from above, 
appears circular in the cylindrical and elliptical in the flattened 
portions. On the broader fronds the apical cell is often slightly sunk 
(cf. fig. 108 F), but when the thallus is more finely divided (var. 
implexa) the segments gradually narrow to the apical cell. 

The latter cuts oflF a single series of segments (fig. 108 C, E) which 
broaden considerably behind the apex (44) and undergo regular septa- 
tion. In the flat thallus the first curved wall (fig. 108 D, i) runs approxi- 
mately parallel to the plane of flattening and divides the segment into 
two unequal cells (64). The second wall (2) arises in the same plane in 
the larger cell and separates a central {c) from two peripheral cells, 
which divide by consecutive longitudinal walls perpendicular to the 
surface (fig. 108 C, E); this is accompanied by some vertical seg- 
mentation of the central cell. 

The mature thallus thus comes to consist of three layers (fig. 108 G), 
a middle one (c) of large cells with few or no chromatophores bounded 
by layers (p) of small cells, densely packed with chromatophores. The 
central cells contain, apart from fucosan-vesicles, conspicuous groups 
of large refractive globules (^) which are suspended by cytoplasmic 
strands; they appear to constitute some kind of food-reserve (fat 
according to Hansen ((23) p. 268) and are stated to be responsible for 
the iridescence commonly exhibited by this alga ((6) p. 708, (12) p. 162, 
(35) p. 73). The rather thick walls separating the cells possess con- 
spicuous pits (fig. 112 B, pi). Tufts of colourless hairs, with the usual 
basal meristem, are scattered over both surfaces of the thallus (fig. 108 
G, k), but are shed during the reproductive phase. In the cylindrical 
thallus there are from 3 to 6 layers of internal cells. 

Dichotomy is effected by longitudinal division of the apical cell into 
two equal halves (fig. 108 F), the classical instance of such branching. 
Adventitious laterals, which develop from single marginal cells ((47) 
p. 6) and expand in the same plane as the rest of the thallus, are not 
uncommon ; they tend to arise especially at points of injury and, after 
death of the parent, become independent and constitute a prolific 
source of vegetative reproduction. According to Schreiber ((54) p. 269) 
pieces of the thallus provided with an apical cell readily develop into 
new plants. 

In other species of Dictyota ((4) p. 45) the dichotomy is commonly not 
so regular and, as a result of more vigorous development of the one 
limb, a pinnate habit (e.g. D. Binghamiae J. Ag.) may be realised. In 
certain species the fronds are toothed (e.g. D. ciliata J. Ag.). The flat 
thalli sometimes possess two or more layers of central cells and species 
exhibiting this feature have been referred to a separate genus Dilophus 
((3) p. 106, (4) p. 84), but the maintenance of such a distinction presents 
considerable difficulties (cf. (s6) p. 651). 
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Padina pavonia ((4) p. 31, (7), (44) p. 180, (47) p. 15) is a rare perennial 
found near mid-tide level on the southern shores of England, but it is 
abundant in. the Mediterranean and other warmer seas, where the 
majority of the other species occur. The numerous stalked fan-shaped 
fronds (cf. fig. 109 A), 5-12 cm. high, the larger ones often loosely 
rolled on their longitudinal axis like a cornet, are distinctive of all the 
species of the genus. The stalk of each frond is the upward continua- 
tion of a branch-'of the prostrate perennial rhizome (fig. 109 C, rA), 
which is richly branched and attached to the substratum by tufts of 
rhizoids (r). The stalks of the fans bear a considerable number of 
laterals (/), which are terete at the base but flatten somewhat at their 
summit. Many of them do not develop beyond this stage, but some 
may widen out and form secondary fans, the stalks of which produce 
other fronds in the same manner. In this way extensive branch- 
systems may arise. Except for the distinctive shape of the fronds, the 
morphology of Padina recalls that of Dictyota} 

The concentric zones on the fans are due to hairs (fig. 109 B, sp)^ 
which are arranged in 4-8 rows. The zones of hairs occur alternately 
on the two surfaces, but are more strongly developed on the upper and 
are stated to be ((7) p. 262) specially prominent in plants exposed to 
strong light. The reproductive organs are formed on either side of 
these zones, although during their development the hairs are shed. 
There is often a thin incrustation of carbonate of lime, especially on 
the upper surface; as a result the fronds appear whitish, although 
olive-green or reddish hues are also frequent. 

The cylindrical shoots possess a single apical cell like that of 
Dictyota (cf. fig. 109 I); the segments divide into a central and four 
peripheral cells, all of which undergo further segmentation. The 
young flabellate fronds also grow by means of a single apical cell, but 
the mature fans possess a marginal meristem (fig. 109 F). 

When a young frond is about to develop into a fan ((44) p. 180, (46) 
p. 443, (47) p. 17), the segments of the apical cell (fig. 109 F, r, 2) undergo 
copious longitudinal division so that there is rapid broadening behind 
the apex; as a result the angle formed by the two edges of the thallus 
becomes more and more obtuse until it approaches 180°. The apical 
cell (a), flanked by later-formed segments (j, 4, 5), now appears in the 
middle of the broad front margin, while the outer cells (fig. 109 F, z), 
produced by longitudinal division of the older segments, are situated 

^ Collins ((16) p. 251) described a sterile alga {Dictyerpa)^ which was found 
washed up on the shores of Jamaica and appeared like “rolled and twisted 
strings, up to 20 cm. long’’ and 1-3 mm. thick. The terete strands showed di- 
or trichotomous branching, with occasional irregularly disposed laterals, each 
branch being capped by a hemispherical apical cell and traversed internally 
by a single row of cylindrical cells. This may prove to be the rhizome of some 
member of Dictyotales, although Svedelius ((38) p. 188) suggests that it may 
be an unattached form of Dictyota^ comparable to those known among Fucales 
and like them sterile (cf. also (10) p. 444)* 
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Fig. 109. Padina] A, P. Vickersiae Hoyt; B, P. gymnospora (Kutz.) Vickers; 
D, P. Sanctae Crucis Boerges.; C, F-K, P. pavonia (L.) Gaill. A, habit; 
B, part of thallus showing hairs and sporangia {sp)\ C, developing plant; 
D, longitudinal section through margin of a fan; E, G-I, germlings of tetra- 
spores; F, surface-view of margin of developing fan, showing position of 
original apical cell (a) and marginal initials, 1-5 segments of the apical cell; 
J, K, development of hairs, longitudinal sections, a, apical cell; c, central cell 
of thallus; cu, cuticle; e, erect shoots;/, fan; hy hair; hi, hair-initial; iy initials; 
/, lateral; «, nodule; r, rhizoid; rhy rhizome. (A after Taylor; B, D after 
Boergesen; C, F after Reinke; E, G-K after Carter.) 
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almost on a level with it. All the cells at the front edge acquire dense 
cytoplasmic contents and become meristematic ; they lengthen perpen- 
dicular to the margin and undergo repeated periclinal division, accom- 
panied by some anticlinal division, whereby the number of files of cells 
is increased. The original apical cell {a in fig, 109 F) either divides 
longitudinally or perishes, its place being taken by cells of the under- 
lying segment. The semicircular edge of the enlarging fan is now occu- 
pied by an extensive series of marginal initials which have the shape of 
bricks placed edgewise, with their greatest width perpendicular to the 
surface of the thallus. 

The segments cut off from the cells of the marginal meristem (fig. 
109 D) soon divide longitudinally into two somewhat unequal parts, 
the smaller segment lying towards the morphologically upper side.^ 
As a consequence of more rapid elongation of these upper segments, 
the free edge of the fan becomes circinnately inrolled towards the 
lower side ((44) p. 18 1, (47) p. 20), a feature which is specially obvious 
in longitudinal sections (fig. 109 D); illumination of the fans from 
below causes disappearance of the inrolling, which may even set in in 
the reverse direction ((7) p. 258). The lower layer of small peripheral 
cells (fig. Ill F) is generally cut off only at a considerable distance 
behind the apical meristem. In P. Sanctae Crucis ((9) p. 201), in fact, 
the two -layered condition persists throughout the plant. Both in 
P. pavonia and other species the middle layer of cells may later 
undergo further division parallel to the surface. 

The hairs commence to develop in the inrolled part near the apex 
((47) p. 21) and, according to Carter ((13) p. 142), arise from cells dis- 
tinguished by their dense cytoplasm and large nuclei. These cells cut 
off the small hair-initial (fig. 109 J, hi) by an oblique wall, usually on 
their distal side; the initial then divides transversely to form the hair 
(fig. 109 K), which later develops a basal meristem. The group of hairs 
is at first covered by the common cuticle (cw), which ruptures sooner or 
later. Bitter ((7) p. 265) deals with response of the thalli to various 
types of wounding. 

In general habit Taonia atomaria {Dictyota atomaria Grev. (i) 
p. loi, (4) p. 24, (27) pi. I, (47) p. 26) resembles a robust Dictyota, the 
wedge-shaped segments having irregularly toothed margins (fig. no 
I). As in Padina, there are transverse zones of hairs forming zigzag 
bands (/r), alternating on the two surfaces of the thallus. The fronds, 
which may reach a length of 30 cm., show repeated di- or poly- 
chotomous branching in one plane. They arise singly or in tufts from 
a dense felt of septate rhizoids which are produced in large numbers 
from the lower cells ((47) p. 26) and spread out to form a false attaching 
disc. According to Robinson ((50) p. 114) new fronds can develop 
from these rhizoids. 


^ Bitter (7) uses the terms upper and lower in the opposite sense to Reinke. 
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The young frond possesses a single apical cell, but this rapidly 
gives place to a marginal meristem occupying the almost straight 
front edge; its cells, as in Padina and Zonaria^ are widest at right 
angles to the surface. Branching is due to cessation of division in one 
of the initials. According to Reinke the marginal teeth are formed by 
the segmentation of special wedge-shaped initials. The mature thallus 
is six-layered, the superficial cells being rather larger than in the 
genera previously considered ((23) p. 274). The occasional adventitious 
branches probably arise from surface-cells. 

Closely related to the two genera just considered is Zonaria^ ((2), (3) 
p. 120, (28), (52)). The branched, usually erect fronds (fig. no A, B) 
show transverse zones of hairs (A), which are generally more abundant 
on one surface than on the other. The method of attachment is as in 
Taonia^ the basal weft of rhizoids often attaining considerable thick- 
ness and in diverse species forming a kind of pseudo-parenchymatous 
stalk supporting the rest of the plant ((28) p. 241, (52) p. 67). In Z. 
flava (Clem.) Ag. ((52) p. 70) new fronds can develop from the 
rhizoids. Zonaria and Taonia thus do not possess the rhizomatous 
attachment-system found in Dictyota and Padina, 

A more aberrant form is constituted by Zonaria variegata Lamour. 
((9) p. 197, (lO p. 91, (49), (52) p. 73), the young thallus of which is often 
completely prostrate, forming an expanse, i-io cm. wide, resembling 
an Aglaozonia and attached by numerous rhizoids. A number of 
thalli commonly grow over one another and become fused. The older 
thalli are erect and it appears that growth may be erect from the 
first.2 

The growth and branching of the Zonaria-thallus (fig. 1 10 H) takes 
place in the same way as in Taonia, The segments (fig. no D, 5) of 
the diverse initials (i) ((28) p. 242, (49) p. 87) divide into superficial and 
central cells {c) ; the latter give rise to a number of layers, while the 
former divide by vertical walls so that the cells composing the thallus 
lie in regular vertical rows. In Z. Farlowii the surface-cells .along the 
median line of the thallus produce adventitious branches (fig. no F, 
b) which develop rhizoids at their base and readily become detached 
((28) p. 251). Z, flava is stated to show iridescence ((20) p. 238). 

Padina^ Taonia^ and Zonaria show many points of similarity and 
no doubt constitute a closely allied group. A more distinctive type is 
furnished by Dictyopteris (Halyseris (4) p. 42). D, membranacea 
(Stackh.) Batt. (D. polypodioides Lamour. (27) pi. 19), a rare sublittoral 

^ Several species of Zonaria have been referred to distinct genera (Stypo- 
podiuntf Gymnosurus (4) p. 9), but these scarcely appear well founded ((52), 
p. 72; cf. however (63a) p. 177). 

^ Sauvageau ((52) p. 79) suggests that the Z. parvula of Reinke ((47) p. 34), 
which is entirely prostrate, may be a young stage of Z. variegata. According 
to Richards ((49) p. 88) the strongly marked concentric lines on the thallus of 
this species are due to projecting flaps of tissue, but no other investigator 
refers to this. 




Fig. no. A, B, D, F, H, Zonaria Farlomi Setch. & Gardn.; A, habit of male 
and B, of female plant; D, median longitudinal section through apex of 
thallus; F, lower part of an older frond, showing adventitious branching; 
H, edge of thallus in surface-view. C, E, J, Dictyopteris membranacea 
(Stackh.) Batt.; C, early stage in development; E, longitudinal section of 
midrib ; J, apex of thallus in surface view. G, D, delicatula Lamour. I, Taonia 
atomaria (Woodw.) J. Ag., part of a thallus. a, antheridial sori; h, adventitious 
shoots; c, cortex; hy hairs or zones of hairs; i, initial cells; m, medulla; 
Tty nodule; o, oogonial sori; />, protonemal threads; /)e, surface cell; r, rhizoids; 
Sy segment; sp, zones of sporangia; young frond. (C, E, I, J after Reinke; 
G after Boergesen ; the rest after Haupt.) 
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perennial on British shores, is widely distributed over the surface of 
the earth, but the chief centre of the genus is in warmer seas. The 
habit (fig. no G) is that of a small and rather delicate FucuSy a re- 
semblance emphasised by the midrib traversing the thallus-segments ; 
the stalk of older plants is formed by the persisting midrib. The base 
of the thallus is covered by a dense felt of rhizoids from which, as in 
the preceding genera, a number of plants usually arise. Tufts of hairs 
are scattered over the whole surface; Boergesen^s figure ((9) p. 216) 
of Z). delicatula indicates that they are formed in the same way as in 
Padina. 

The apical initials ((40) p. 347, (46) p. 446, (47) p. 38) have the same 
shape as in Padina (fig. no J). Four or five of the median ones (f), 
which are longer and filled with denser cytoplasm than the rest, give 
rise to the midrib; they often occupy a slight depression. These 
particular initials exhibit abundant division, but the activity of those 
on either side gradually diminishes towards the margin, and Oltmanns 
((44a) p. 180) is perhaps justified in regarding the median initials as the 
true meristem. The dichotomous branching commences with a multi- 
plication of these cells, which is followed by the diflferentiation of two 
separate groups. Adventitious branches (cf. also (41) p. 1 56) may arise 
in four longitudinal rows from single surface-cells situated along the 
edges of the midrib. As in Zonariay they develop rhizoids at their base 
and no doubt serve for vegetative propagation, which is also stated 
((47) p. 43) to take place readily from pieces of the thallus. 

The wings consist of two layers at the margins and of 4-6 layers 
near the midrib. The latter shows some differentiation ((37), (47) p. 37) 
into elongate medullary (fig. no E, m) and more or less isodiametric 
cortical cells (i:). The midrib increases in thickness by tangential 
division of the surface-layer (fig. no E) and, as the wings wear away 
in the older parts, the exposed edges of the midrib become covered 
with a similar meristematic layer. In certain species (D. delicatula 
((9) p. 216) a special group of small elongate cells, with oblique end- 
walls and thick cellulose membranes traversed by pit-canals, are 
found within the margins of the wings. 

The remaining genera have not been so fully studied. In Spato- 
glossum ((3) p. 1 1 1 , (4) p. 35) the broad thallus-segments are branched in 
a pinnate or subpalmate manner as a result of unequal development of 
the dichotomies; growth is by means of a marginal meristem. The 
monotypic Lobospira ((4) p. 96, (s) p. 363, (25) pi. 34) shows pronounced 
pinnate branching in a single plane. The older axes, as a result of growth 
in thickness, gradually become cylindrical, while the numerous short 
flattened, and not uncommonly incurved, laterals become orientated in 
diverse directions owing to twisting of the axes. For details of the other 
genera distinguished by Agardh, see (4) and (38) p. 186. 
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THE ASEXUAL REPRODUCTIVE ORGANS 

These, the so-called tetrasporangia, constitute one of the charac- 
teristic features of Dictyotales. They are nearly always found on 
distinct asexual individuals, although Holden (30) has recorded them 
both on male and female plants of Dictyota (cf. also (14) p. 55). The 
sporangia themselves display considerable uniformity, but their 
diverse arrangement in the different genera affords features of taxo- 
nomic importance (44,47,60). They are spherical {Dictyota, fig. 108 G, 
sp) or pear-shaped {Padhia, fig. iii F, sp\ Zonaria, fig. iii C, sp) 
superficial outgrowths, which are usually separated from the parent- 
cell by a transverse septum, although this is lacking in some species of 
Zonaria (fig. iii C). The small basal cell sometimes {Dictyopteris) 
undergoes a second transverse division. It is usually embedded in the 
peripheral layer (fig. 108 G, /;), although in Dictyota (29) it is stated to 
become elevated into the sporangium like a columella as a result of 
accumulation of mucilage between wall and protoplast and to project 
markedly above the surface after dehiscence ; it is suggested that this 
protrusion of the basal cell may play an active part in spore-discharge. 
The sporangia generally project well above the surface, but in Taonia 
they are partially sunk. 

During the enlargement of the sporangium ((13), US) p. 248, (69)) 
the nucleus increases greatly in size, often becoming elliptical with 
the long axis parallel to the surface of the thallus and, when this is so, 
it twists through a right angle before division takes place. Centro- 
somes have usually been recorded. The first nuclear division, after 
the basal cell has been cut off, is meiotic (13,21,22,28,43,69), and is 
normally followed by only one further division. After this the cyto- 
plasm undergoes cleavage about the four nuclei to form the naked 
tetraspores (cf. also (j6)), which are usually arranged crosswise when 
viewed from above, although a tetrahedral grouping (fig. 108 G) is 
not uncommon. In some species of Zonaria {Z. flava (52) p. 68 ; 
Z. Farlowii (28) p. 248) there is a third division in the sporangium 
(fig. Ill B) resulting in the formation of eight spores, which in Z. 
I' arlowii are separated by delicate septa (fig. 1 1 1 C). The mature 
spores generally round otT before being set free through the gelatinised 
apex of the sporangium. Soon after liberation the large motionless 
spores secrete a cellulose membrane and can then develop directly 
into a new plant; in fact germination sometimes occurs within the 
sporangium ((28) p. 249, (47) p. 7). 

In Dictyota the tetrasporangia occur singly or in small groups on 
both surfaces of the flat fronds (fig. 108 G, sp) and show no relation to 
the tufts of hairs. In most of the other genera, however, their distri- 
bution is connected with that of the hairs. Thus, in Dictyopteris the 
sporangia are grouped around the tufts. In Padina pavonia ((47) p. 22) 
they develop in several rows on either side of the zones of hairs (fig. 
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1 1 1 F) situated on the lower (sometimes also on the upper (7) p. 259) 
surface of the fan. Since the hairs usually die during the development 
of the sori, the latter form characteristic double, brown-coloured, 
bands upon the surface (fig. 109 B, sp). In weak plants the sorus 
develops only along the anterior margin of each series of hairs ((n) 
p. 87), and this is the normal condition in P. Sanctae Crucis ((9) p. 201), 
where, moreover, a sorus is associated only with every second band. 



Fig. III. A-E, Zonaria Farlowii Setch. & Gardn.; A-C, successive stages in 
development of a sporangium, C practically mature ; D, metaphase of hetero- 
type division; E, polar view of metaphase of third nuclear division in the 
sporangium. F, Padina pavonia (L.) Gaill., section through a sporangial 
sorus. Cy central cells; cm, cuticle; A, hairs; pay paraphysis; spy sporangium. 
(F after Oltmanns; the rest after Haupt.) 

Another variation is seen in P. gymnosporay where the sori are situated 
between the bands of hairs. 

The sori of Taonia ((47) p. 30, (62) p. 460, (63) p. 362) exhibit essenti- 
ally the same arrangement (fig. 1 10 I, sp). Both here and in Padina 
scattered sporangia are also found, and this compares with the condi- 
tion in Zonaria where the sori form clearly circumscribed areas be- 
tween the bands of hairs when these are present (28,52) ; in Z. variegata 
they occur on the upper surface of the prostrate thallus. The sori of 
Zonaria often show a centrifugal development and are distinguished 
by the presence among the sporangia of .colourless multicellular 
paraphyses of characteristic form (fig. 1 1 1 B, C, pa) which give the 
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sori a speckled or even whitish appearance. In the little-known genus 
Glossophora ((3) p. 108) all the reproductive organs are borne on small 
ligulate outgrowths which arise in large numbers from the upper 
parts of the forked band-shaped thalli. 

The developing sporangia of a sorus gradually elevate the “cuticle’* 
(fig. 1 1 1 A, cu) which, although it may persist for some time as a pro- 
tective covering, is ultimately burst (fig. iii B, F, cu). In Zonaria 
variegata ((52) p. 76) the marked gelatinous thickenings of the outer 
walls of the sterile cells intermingled with the sporangia aid in raising 
the cuticle, a role perhaps fulfilled by the paraphyses of other Zonarias. 

In Taonia the germlings develop into mature thalli in about 30 days 
and during this period there are formed some 60 zones of tetrasporangia 
so that a definite correlation between the daily tidal rhythm and the 
initiation of the zones is suggested ((50) p. 1 15). A similar periodicity in 
soral development is likewise probable in Padina and other instances 
((28) p. 245), where the sori arise successively from a marginal meristem. 
In Dictyota^ on the other hand, there is no evidence of any such relation ; 
Williams ((71) p. 556) in fact states that sporangia of all ages are to be 
found throughout the season on the thalli of all British Dictyotales. 
Discharge of the spores in Dictyota and Dictyopteris is strongly favoured 
by light ((45) p. 332). 

THE SEXUAL REPRODUCTIVE ORGANS 

The oogonia and antheridia are usually borne on distinct individuals, 
although a few species (e.g. Padina pavonia) are monoecious (cf. also 
(39) p. 178). The sex organs are for the most part arranged in definite 
projecting sori, although the oogonia of Spatoglossum and of Dictyo- 
pteris memhranacea are scattered singly or in small groups ((47) p. 42). 
In Dictyota dichotoma ((47), (60) p. 53, (70)) both kinds of sori are distri- 
buted over the greater part of the thallus, appearing elliptical when 
viewed from above and fan-shaped in sections (fig. 112 A, B). The 
outgrowing surface-cells remain in close apposition and gradually lift 
the “cuticle” {cu) which envelops the sorus until maturity; a small 
basal cell is cut off at an early stage. Each oogonium produces a single 
ovum which is liberated through the gelatinised apex, dehiscence 
usually advancing centrifugally ; there are 25-50 oogonia in a sorus. 
Occasionally there are functionless oogonia at the margin ((70) p. 185). 

The deep-brown colour of the female sori contrasts with that of 
the male ((59) p. 9, (70) p. 187) which appear as white glistening spots 
upon the thalli. The future male sori ((47) p. 10) become recognisable 
at an early stage by the disintegration of the chromatophores in an 
elliptical group of surface cells which grow out to form the antheridia. 
The cells at the margin of the group elongate like the others, but in 
them the chromatophores persist and retain their pigment. These 
cells (fig. 1 12 B, St) remain undivided and constitute three or more 
rows of involucral cells at the edge of the sorus; they are usually 



Fig. 1 12. A-E, G, H, Dictyota dichotonia (Huds.) Lamour. ; A, oogonial and 
B, antheridial sorus in vertical section; C, spermatozoids ; D, rudiment of 
oogonium before cutting off of the stalk-cell; E, fertilisation; G, polar view 
of nucleus during first division in zygote, 32 chromosomes; H, ditto during 
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interpreted as sterile antheridia. The actual male organs (a) first seg- 
ment by a vertical wall, perpendicular to the long axis of the thallus 
((70) p. 189); this is followed by further vertical walls in other planes, 
and during this there is also extensive horizontal septation. In the 
mature, altogether colourless, antheridium 32-64 compartments 
separated by delicate septa are visible in the transverse and 20-24 
tiers in the longitudinal section. There are 100-200 antheridia in a 
sorus and each forms about 1500 sperms. 

Like the sporangia, the sex organs of Padina pavonia ((22), (47) p. 24) 
are produced in relation to the hairs which are shed during their de- 
velopment. The oogonia (fig. 112 L, 0) form double concentric zones 
on either side of the bands of hairs on the lower surface. The basal cell 
usually divides transversely and the upper half may give rise to a 
second oogonium after the first has dehisced ((47) p. 25). The zones 
of oogonia are interrupted at variable intervals by radial rows of 
antheridia (fig. 112 L, M, ^), the differentiation of which commences 
in the middle of each row and advances centrifugally towards apex 
and base of the thallus. The mature antheridia show about 32 
chambers in transverse section. 

The imperfectly known oogonial sori of Taonia ((47) p- 33) form short 
double transverse rows which are scattered over .the thallus, while the 
milk-white male sori (51, 62) are situated on either side of and between 
the zones of hairs. In section they resemble those of Dictyotay although 
the antheridia do not all ripen simultaneously; the sori usually exhibit 
sterile marginal cells with yellowish chromatophores. 

In Zonaria the sex organs are independent of the hairs and the sori 
lack the paraphyses found in the asexual ones. In Z. flava ((52) p. 68) 
they form continuous or interrupted zigzags, while those of Z, Farlowii 
(28) constitute irregular areas between the bands of hairs (fig. 1 10 A, B), 
the white male sori {a) in both species being larger than the female (o). 
In the latter only some of the cells grow out into oogonia (fig. 1 12 N), 
while in the male sori all the surface-cells produce antheridia and 
involucral cells are usually absent, although occasionally found in 
Z. flava and Z. lohata ((52) pp. 69, 72). In the mature antheridium of 
Z. Farlowii there are 20-40 tiers of cells, with 8 or 16 cells in each tier 
(fig. 1 12 I-K). 

The scattered male sori of Dictyopteris ((37) p. 466) are of very diverse 
size, containing between 3 and 100 antheridia. 


division of oogonial mother-cell, 16 chromosomes. F, I-K, N, Zonaria 
Farlowii Setch. & Gardn.; F, section of part of male sorus; I, part of a longi- 
tudinal section of an antheridium; J, K, transverse sections of same; N, section 
of part of a female sorus. L, M, Padina pavonia (L.) Gaill., surface view of 
thallus showing transverse oogonial and longitudinal antheridial sori, on a 
larger scale in M. antheridium; c, chromatophore ; rw, cuticle; g, refractive 
globule; 0, oogonium; piy pit; Sy spermatozoid ; sty sterile antheridium. 
(A, B after Thuret; C-E, G, H after Lloyd Williams; L, M after Reinke; the 
rest after Haupt.) 
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The discharge of eggs and sperms takes place rapidly at about the 
time of daybreak. Both the septa and the walls of the ripe antheridia 
are dissolved ((28) p. 246, (51), (52) p. 69) so that the numerous minute 
male cells lie in a mass of mucilage occupying the space bounded by 
the involucral cells, when these are present. At this stage the male 
cells, formed singly from each compartment, appear rounded. Lloyd 
Williams (65,66) first showed that they possess flagella, although 
Thuret ((59) p- n) seems to have recognised something of the kind. 
According to the former, swarming of the sperms in Dictyota and 
Taonia depends on exposure to a sufficiently bright light and on the 
realisation of a certain temperature. The pear-shaped spermatozoids 
((70) p. 190) have a large posterior nucleus and an eye-spot situated 
at the anterior end, while the single long, forwardly directed, 
flagellum arises near the eye-spot (fig. 112 C); there is reason to 
suspect the presence of a second, very short, backwardly directed 
flagellum, although this has not so far been demonstrated. Williams, 
who observed fertilisation ((70) p. 191), states that freshly discharged 
ova exert a great attraction on the sperms (fig. 112 E), although, if 
the eggs are not fertilised within | to J of an hour, they become in- 
vested by a membrane and germinate parthenogenetically. The male 
nucleolus can be recognised within the fusion-nucleus after fertilisa- 
tion ; the single centrosome later divides into two. 

In British waters Dictyota dichotoma shows a regular fortnightly pro- 
duction of sexual sori from July onwards, corresponding to the interval 
between two spring tides (67,71). The sori are initiated during a period 
of neap tides, and liberation of the sexual cells takes place at a variable 
number of tides after the highest spring tide (3-5 in the Menai Straits ; 
7~i2 at Plymouth). At this time the rudiments of the next crop of sori 
begin to appear. A similar rhythm is observed in plants kept in the 
laboratory, and according to Hoyt (34) it is also shown by the new thallus- 
branches that arise in cultures and have never been exposed to the 
influence of the tides. The same rhythm is, moreover, maintained when 
the light-conditions are experimentally reversed or when the tides are 
modified by wind. Williams ((71) p. 548) concludes that the periodicity 
in question is hereditary, but that on British shores the time of develop- 
ment of the sexual sori is regulated by the greater illumination available 
during the low water of spring tides. There is some evidence that a 
similar periodical production of oogonia takes place in Dictyopteris ((71) 
P- 553 )» but other Dictyotales do not appear to exhibit this rhythm. 
Comparison should be made with similar features in Nemoderma{p. 124) 
and Fucales (p. 377). 

The behaviour of Dictyota has also been investigated in other 
localities (32, 34.42). A similar, though less marked, fortnightly produc- 
tion of sexual sori takes place at Naples, where D. dichotoma occurs at 
some depth and the tidal differences are slight ; here, as in the laboratory 
cultures, illumination can scarcely be a factor. On the other hand, in 
Jamaica, where the tides are irregular, periodicity is scarcely evident. 
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On the shores of North Carolina the successive crops of sexual sori are 
produced at monthly intervals (spring tides of full moon). 

THE EARLY DEVELOPMENT OF THE THALLUS 

The germination of the tetraspores shows certain differences in the 
individual genera. The first wall is stated to be perpendicular to the 
direction of the incident light in Dictyota and Dictyopteris ((36) p. 215, 
(45) p. 340), although Reinke concluded, from the observation of spores 
germinating within the sporangia of Dictyota^ that it is the end of 
the spore directed away from the parent-thallus that becomes the 
apex of the new plant. In Dictyota ((is), (47) p. 8 ) the upper segment 
becomes the apical cell of the embryo, while the lower produces a 
rhizoid. Reinke records diverse abnormalities. The segments of the 
apical cell divide into an inner and four outer cells, the latter dividing 
anticlinally to form the surface-layer of the cylindrical embryo. Later 
colourless multicellular rhizoids grow out from the superficial cells. 
The summit of the embryo soon broadens to form the band-shaped 
thallus, while its basal portion gives rise to more or less numerous 
lateral branches, some of which become prostrate and form the 
rhizome. 

In most Dictyotales, however, the germinating spores first produce 
a multicellular oval body ((13) p. 154, (47) p. 23), well seen in Padina 
(fig. 109 E, G-I, «). One of the superficial cells of this nodule becomes 
protruded to form the apical cell of a cylindrical shoot (fig. 109 I, e) 
which later flattens at its apex and slowly passes over into the adult 
fan. Other cells of the nodule subsequently grow out in the same 
manner (fig. 109 E), although some of the resulting shoots usually 
remain arrested; other surface-cells give rise to rhizoids (r). In 
Taonia ((47) p. 31, (so) p. 118) one of the cells formed by the first 
transverse division of the spore grows out into a rhizoid and the 
formation of the nodule takes place subsequently. One of its super- 
ficial cells, determined ((50) p. 118) by the direction of the incident 
light, enlarges to form an apical cell which, however, only cuts off a few 
segments before dividing longitudinally to form a number of initials. 

Much the same occurs in Dictyopteris ((47) p. 41, (48) p. 125), 
although here the cells of the nodule (fig. no C, n) sometimes grow 
out into branched uniseriate threads {p) attached to the substratum 
by rhizoids and growing by means of an apical cell ; from this proto- 
nema a number of fronds (/) arise as lateral outgrowths. More usually, 
however, the outgrowing cell of the nodule develops direct into a 
mature plant. The young fronds may remain one-layered for a long 
time (cf. also (17) p. 444). 

Reinke ((47) p. 9; cf. also (69) p. 155) records the development of 
embryos from entire sporangia in Dictyota and compares this with the 
formation of adventitious branches. In Padina he describes ((47) p. 24) 
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the occasional liberation and germination of the entire sporangial 
contents in individuals that do not produce any tetraspores. Robinson 
((50) p. 1 17) observed similar phenomena in Taonia^ although here such 
abnormal stages are encountered side by side with tetraspores. In 
Padina they show no differences in germination, but in Taonia they 
exhibit greater powers of resistance and a greater capacity for germina- 
tion than the tetraspores, while the resulting plants are larger and 
display more vigorous growth. 

The germination of zygotes and tetraspores appears to take place in 
the same way, although that of the former has not often been studied. 

THE LIFE-CYCLE 

The full life-cycle has only been investigated in Dictyota dichotoma 
(68-70), Padina pavonia (13,21,22), and Zonaria Farlowii (28). The iso- 
morphic alternation, indicated by the distribution of the reproductive 
organs, is fully confirmed by the cytological data and has also been 
demonstrated experimentally in Dictyota and Padina variegata, 
Hoyt (33) and Wolfe (72) used the faculty of tetraspores and zygotes to 
germinate on oyster-shells placed in cultures of asexual and sexual 
plants respectively, the shells bearing the germlings being subse- 
quently submerged in their natural habitats ; all adjacent plants of the 
species experimented with were removed. It was thus established 
that, as a general rule, tetraspores give rise to sexual and zygotes to 
asexual plants (cf. also (54) p. 270). Data were also obtained that 
indicated a production of equal numbers of male and female plants, 
suggesting segregation of the two sexes at the reduction divisions. 
Schreiber ((54) p. 272), using methods similar to those employed for 
Laminaria (p. 248), definitely proved that in Dictyota two of the four 
spores of a sporangium develop into male and two into female plants. 
It can scarcely be doubted that this will be found to apply to Dictyo- 
tales generally and that all members of the order possess an isomorphic 
alternation with genotypic sex determination. Although the two 
generations often occur simultaneously, there is evidence of some 
seasonal succession ((47) p. 13, (54) p. 266). 

Parthenogenesis does not appear to play an important role among 
Dictyotales (cf. (39) p. 185), although germination of unfertilised ova 
is not uncommon ((47) pp. ii, 26, (72) p. 86). Lloyd Williams ((67), 
(70) p. 196, (71) p. 553) found that such ova exhibit irregularities in 
nuclear division and that segmentation soon ceases ; this is followed 
by the death of the germlings. 

Many investigators comment on the great preponderance of asexual 
over sexual plants and in some regions only tetrasporangiate indi- 
viduals have been found. ^ No adequate explanation of these facts is 
at present forthcoming, but the repeatedly recorded germination of 

^ See (13) p. I39> (20) P- 364> (28) p. 244> (47) p. 33» (so) p. 114, (52) p. 68, 
(53) p. 62, (69) p. 156. 



AFFINITIES 


319 

the entire contents of a sporangium (p. 317) — presumably without the 
occurrence of reduction — and the occasional greater vigour of such 
germlings as compared with those formed by tetraspores, may indicate 
a method of multiplication of the diploid phase without the interven- 
tion of a sexual one ((39) pp. 182, 184, (6q) p. 156). Abundant vegetative 
propagation may, moreover, help in the rapid multiplication of the 
asexual generation. 

On the other hand, although Carter (13) only met with tetrasporic 
plants of Padina pavonia in British waters, he nevertheless found that 
they formed tetraspores in the normal manner with accompanying 
reduction. This shows that the foregoing explanations will not account 
for all the facts. Since it is hardly likely that all the haploid spores 
perish, one is forced to assume either that there is a microscopic 
sexual generation or perhaps more probably that the latter inhabits 
deep water. In this connection it may be noted that, according to 
Lloyd Williams (67), the spores and zygotes of Dictyola germinate in 
the summer, but the germlings remain small until the following June. 

THE AFFINITIES OF THE DICTYOTALES 

Owing largely to the possession of tetraspores and of male cells, which 
were long thought to be motionless, the Dictyotales have often been 
regarded as related to the Red Algae ((i«) p. 169) and have indeed 
occasionally been directly referred to that class. As a matter of 
historical interest it may be mentioned that both Thuret and Cohn 
regarded the oogonial sori as equivalent to the cystocarps of the 
Rhodophyceae. There is, however, no sound basis for envisaging any 
affinity with Red Algae. The pigmentation of the chromatophores, the 
metabolic products, the type of swarmer as exemplified by the 
spermatozoid, and the plurilocular nature of the antheridia all indi- 
cate a close affinity with other Phaeophyceae. Even the tetrasporangia 
no doubt merely represent a specialisation of the unilocular sporangium, 
and in this connection the frequent formation of eight spores in 
Zonaria is significant. It should, moreover, be recalled that in diverse 
Ectocarpales (p. 118) and Tilopteridales (p. 153) the unilocular 
sporangia produce only few spores, which are then occasionally de- 
veloped as aplanospores or liberated as motionless cells. 

The exact relation of the Dictyotales to other Brown Algae is 
obscure and they appear as a specialised line that originated from 
simple isomorphic forms and has departed ‘rather widely from the 
normal type. Sauvageau ((52) p. 80) supports an affinity with Cutle- 
riales, a view which is largely based on the close resemblance in habit 
and structure between Zonaria variegata (p. 308) and the Aglaozonia- 
stages. Particular stress is laid on Aglaozonia canariensis ((8), (n) p. 77, 
(31) p. 591, (52) p. 79), for which at present no corresponding Cutleria- 
>tage is known. Here the pyriform sporangia in the small and scat- 
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tered sori are not in lateral contact and are not cut off from the cell 
which produces them so that there is considerable resemblance with 
the sori of Zonaria variegata. 

THE GENUS DICTYOTOPSIS (61) 

It is difficult to assign a position to this remarkable genus which in 
various respects recalls one of the simpler Jungermanniales (Metzgeria). 
The cells, however, possess brown-coloured chromatophores devoid of 
starch and include probable fucosan -vesicles. The thallus (fig. 113 A) 
is one-layered and devoid of a midrib ; it shows dichotomous branching, 
with one fork usually growing more strongly than the other, while the 
recurved margins bear multicellular, little-branched rhizoids (r). The 



from below, the margin occupied by rhizoids (r) and the stalks {st) of propa- 
gules; B, the same enlarged, with mature propagules (^); C, apex enlarged 
showing segmentation, 1-6 successive segments, a, apical cells ; g, propagules ; 
r, rhizoids; Sy segment; st, stalks of shed propagules. 

large apical cell (fig. 1 13 C, a) is two-sided. The only method of repro- 
duction so far observed is by ovoid, one-layered propagules borne on 
two-celled stalks along the margins of the thalli (fig. 113 B, After 
cutting off a certain number of segments the apical cell of the propagule 
remains dormant until detachment has occurred; the propagules are 
thus arrested laterals. 

The alga is a member of the Eastern Mangrove-community and in 
part inhabits mud that is inundated only at the time of spring tides ; at 
lower levels it constitutes a thick covering on the projecting respiratory 
roots of Sonneratia. 

The type of apical cell and its mode of segmentation (fig. 1 1 3 C) are 
unique among Brown Algae. The abundant formation of propagules 
recalls Sphacelaria, with which, however, there is practically no other 
resemblance, and, until other types of reproductive organs become 
known, the systematic position must remain quite doubtful. 
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Order IX. FUCALES 

The numerous seaweeds belonging to this order are, like the Lami- 
nariales, diploid and characterised by marked morphological dif- 
ferentiation and anatomical complexity, but in many respects the two 
orders diverge widely from one another. No member of Fucales attains 
the huge dimensions reached by some Laminariales. The broad 
discoid holdfasts (figs. 114, 120) are very distinctive, while all the 
typical Fucales exhibit apical growth by means of an apical cell (figs. 
126, 127) of characteristic shape (p. 349). Apart from the copious 
sexual reproduction, multiplication is effected solely by vegetative 
means. The sex organs are located within the conceptacles (fig. 133) 
which constitute one of the chief characteristics of the order. 
Reduction occurs during gametogenesis, and no distinct haploid 
generation is organised so that there is no alternation. The peripheral 
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cells harbour numerous oval chromatophores, and centrosomes (fig. 3 
D, c) are usually recognisable during nuclear division. 

Despite great diversity in outward habit, the germlings developed 
from the zygotes show considerable uniformity and this, no less than 
other distinctive features (apical growth, conceptacles) speaks for a 
monophyletic origin. There are, however, a number of aberrant forms 
(Hormosiraceae, Durvilleaceae) whose exact relation to the main 
series is not at present clear. 

In the Northern Hemisphere the Fucales are largely surf-loving 
forms, many of them inhabiting the littoral region where they often 
display a marked zonation in relation to a varying capacity for drought- 
resistance (p. 382). Several genera {HalidrySy Cystoseira), however, 
occur in the sublittoral region or in permanent pools near low water 
mark, where they are only exposed occasionally during spring tides. 
The warm -water forms {Turbinariay Sargassum) practically always 
grow permanently submerged, while the bulk of the New Zealand 
Fucales grow at and below low tide level ((176) p. 497, (306)). 

The Fucales attain their greatest development in the colder seas. 
Species of Fucus are abundant in North Temperate waters (see map 2, 
p. 252) and with them are associated Pelvetia^ Ascophylluniy Himan- 
thalia and Halidrys, The large genus Cystoseira is also largely confined 
to the Northern Hemisphere, though more abundantly represented 
in the warmer seas (Mediterranean, Indian and Pacific Oceans) ; some 
species are known from South Africa. The Fucales also show an 
extensive development in the Southern Hemisphere, and diverse 
distinctive genera are recorded from Australia and New Zealand 
{Carpoglossuniy Phyllosporay ScaberiUy CystophorUy Marginariellay 
SeirococcuSy LandsburgiUy MyriodesmUy XiphophorUy Notheiay Hormo- 
sira) \ the last three are endemic ((131) p. 307), whilst Landsburgia and 
Marginariella are confined to New Zealand. The wealth of Fucales in 
the Australasian region is in striking contrast to their paucity in South 
Africa. The Australasian region seems also to be one of the chief 
centres for Sargassuniy although the latter has representatives in all 
warmer seas and is widely distributed in tropical waters (see map 2, 
p. 252). Turbinaria seems to have its main centre in the Eastern 
Tropics, though a few species extend south to the Cape and Australia 
and northwards to China ((15) p. 217). The remarkable Durvillea is 
subantarctic in distribution (New Zealand, Falkland Isles, Cape 
Horn, Kerguelen). Coccophora (C, see map 2, p. 252) is so far only 
known from Japan ((174) p. 59 1), where too most species of Cysto- 
phyllum are found. 
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EXTERNAL MORPHOLOGY 

(a) Fucus AND ITS Allies (Fucaceae) 

The many species of Fucus are essentially characteristic of North 
Temperate and Arctic regions. The repeatedly forked band-shaped 
thalli (fig. 1 14 A), narrowed below into a short stalk (s) terminating 
in the discoid attaching organ (rf), are familiar to every student of 
Botany. The branching is dichotomous and in one plane, although 
one or other limb is commonly favoured. The flattened segments are 
traversed by a prominent midrib (r) which thickens in the older parts 
where it passes over into the stalk (^); the latter is, in fact, largely 
composed of the midrib of the first-formed part of the thallus, the 
wings of which have been worn away by wave-action. The tip of every 
growing branch is occupied by a narrow groove extended in the plane 
of flattening and filled with mucilage; at the base of this the apical 
cell is situated. The wings usually bear irregularly scattered sterile 
conceptacles or cryptoblasts (fig. 1 14 A, r), while at certain times of the 
year the tips of the branches are more or less markedly swollen (/) and 
harbour the large fertile conceptacles, within which the sexual organs 
are produced. In these fertile tracts or receptacles the midrib is 
lacking; their inflation is due to abundant production of mucilage 
((215) p. 190). 

The young plants (cf. also p. 347), which to begin with are nearly 
spherical (fig. 114 G) as in all Fucales, soon become cylindrical and 
then club-shaped as a result of broadening at the top (fig. 114 B); at 
this stage an apical depression appears, from which a number of hairs 
(h) arise. By degrees most of the embryo flattens, although the basal 
part remains cylindrical and constitutes the beginnings of the stalk. 
As forking sets in, the mature thallus-form is assumed. Adventitious 
laterals occasionally develop (fig. 1 14 B, «) from the stalk of the young 
plant ((178) p. 5). In F. dichotomus Sauv. ((228) p. 25), in which the 
fronds last for one year only, these laterals regenerate the plant in the 
next season. 

The British species are in general readily distinguished and comprise : 
F, serratus ((80) pi. 47; fig. 114 C), with a serrate margin and flattened 
receptacles (/); F. vesiculosus ((80) pi. 204; fig. 114 D), with a smooth 
margin, conspicuous and commonly paired air-bladders {v; absent in 
var. evesiculosus)f and swollen receptacles (/); F. spiralis (F. platy carpus 
Thur., fig. 1 14 A), smaller than either of the preceding, devoid of air- 
bladders, and with dilated irregularly swollen fertile tips (/) which have 
a sterile border (b) ; and F. ceranoides L. ((80) pi. 271), especially common 
in brackish water, with a delicate thallus, showing regular dichotomy 
and bearing slender fusiform receptacles. Soft irregular swellings, due 
to internal accumulation of gases, are not uncommon in the first three 
species, especially in brackish water ((14) p. 328, (228) p. 86). F. spiralis 
is hermaphrodite (similarly F. dichotomus {226)) \ F. vesiculosus and F. 




Fig. 1 14. A, Fucus spiralis L. var. platy carpus (Thur.) Batt. B, F. vesiculdsus L., 
young plant. C, G, F. serratus L. ; C, part of thallus; G, embryo. D, F. vesi- 
culosus L., apex of thallus. E, supposed hybrid between F. spiralis and F. 
vesiculosus. F, Pelvetia canaliculata (L.) Decsne & Thur. a, adventitious 
fronds; 6, border of receptacle; c, cryptoblasts; dy attaching disc;/, receptacle; 
hy hairs; r, midrib; Sy stalk; Vy air-bladder. (A, E after Sauvageau; B after 
Oltmanns; G after Thuret & Bornet; the rest after Fritsch & Salisbury.) 
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serratus are dioecious, whilst F, ceranoideSy though mostly dioecious (31, 
63), is occasionall> hermaphrodite ((160) p. 437, (254)). F. spiralis and 
F. ceranoides are generally found near high-tide limit, whilst the other 
two species extend over a large part of the littoral region, F. serratus 
inhabiting more especially the lower levels. F, vesiculosus favours 
localities where there is a strong swirl ((165) p. 297, (166) p. 173, (253) p. 45). 
At the limits of the zones occupied by the diverse species a number of 
transitional forms are often found, but there is no support for Stomps’ 
view (254) that F. vesiculosus y F. spiralisy and F. serratus are but varieties 
of a single species (cf. (156) p. 145, (228) p. 76). Observations of Nienburg 
((i68) p. 8) and Rees (193) indicate that the North European spe'cies of 
Fucus do not in general live for more than 3 or 4 years and that only in 
more sheltered habitats (cf. also (21s) p. 94); growth is rather slow ((78), 
(133), (138)). 

The designation of the species above described as F. spiralis has been 
the subject of much debate (see (21) p. 472, (23), (90) p. 581, (215) p. 70). 
Sauvageau ((215) p. 73), who maintains the name platycarpus on the 
grounds that the F. spiralis of Linnaeus is insufficiently defined, con- 
centrated attention on the two forms of this species. That described by 
Thuret as F, platycarpusy which bears its receptacles in lateral series 
and in which the sterile border is well marked (fig. 114 A), is rather 
rare in Northern Europe and extends farther southwards ( (40), (234) 
p. 30) than the other; according to Rees ((194) p. 85) it inhabits more 
sheltered situations. Sauvageau’s var. spiralis (inch F. Areschougii 
Kjellm. (21) p. 475, (216) p. 295) is in general smaller and shows a corym- 
bose grouping of the receptacles, which arc often subglobose and have 
an ill-defined border ; twisting or spirality of the fronds is not invariable. 
This occurs in exposed habitats. In this country, where it is regarded 
as the type, Thuret’s form is known as var. platycarpus (Thur.) Batt. 

Other widespread species of Fucus are : F. evanescens C. Ag. ((66) p. 1 1 , 
(157) p. 66, (299) p. 14) and F. inflatus L. ((21) p. 465, (60), (190) p. 209), 
both abundant in the North Temperate zone up to the Arctic, the 
former with broad leathery fronds in which the midrib fades in the 
ultimate segments; the North American F. edentatus De la Pyl. ((66) 
p. 28), with regular dichotomous branching, no air-bladders, and 
elongate receptacles; and F. axillaris J. Ag. ((228) p. 96), possibly only 
a form of F. vesiculosus (147), found on the coasts of Spain and Portugal 
and distinguished by the frequent presence of bladders at the points of 
forking of the fronds. The only Mediterranean species is the small 
F. virsoides J. Ag., which is confined to the littoral region of the Adriatic 
((55), (232), (273) p. II, (315) p. 184); Sauvageau ((215) p. 146, (228) p. 24) 
regards it as a form of F, spiralisy probably introduced by shipping. 

Hesperophycus (65) has the same habit as Fucus. 

Compared with Fucus, Pelvetia appears as a specialised form suited 
to an extreme environment. P. canaliculata ((178), (27s) p. 41) is widely 
distributed in the North Atlantic, where it forms a characteristic 
girdle at the uppermost limit reached by spray. The thallus shows 
adaptations to the prolonged exposure to desiccation during intertidal 
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periods. It never reaches any considerable dimensions and dwarfing 
is the more marked, the higher the plants grow, the uppermost ones 
rarely exceeding 3-5 cm. in height. The narrow segments of the 
repeatedly forked thallus (fig. 114 F) are channelled, as implied by 
the specific name; during low water moisture is retained for some 
time within the channel, whilst the somewhat edgewise position of 
the wings reduces the degree of exposure to the midday sun. There 
is no midrib. The depression harbouring the apical cell is readily seen. 
There are no cryptoblasts, whilst the irregularly swollen receptacles 
(fig. 1 14 F, /) render fertile plants very conspicuous. The thallus is 
stated invariably to be occupied by an ascomycetous fungus {Myco- 
sphaerella Pelvetiae (257)). 

P. fastigiata (J. Ag.) De Toni (155), abundant in somewhat less ex- 
treme habitats on North Pacific coasts, though larger, has essentially 
the same habit. The receptacles are not so sharply defined and there 
are occasional cryptoblasts. Another similar form found in the same 
region is Pelvetiopsis ((65) p. 320). 

A different habit is seen in Ascophyllum nodosum ((142), (178) p. 29, 
(197) p. 352, (275) p. 42), abundant on somewhat protected shores where 
it occurs together with Fucus vesiculosus in the upper part of the 
littoral region (fig. 117 B). The mature thallus (fig. 115 F) consists of 
dichotomously branched strap-shaped axes (rt) bearing numerous 
short laterals (la), which often arise in tufts from narrow marginal 
slits and are commonly subopposite in arrangement (fig. 115 D). 
Ascophyllum thus combines dichotomous and monopodial branching. 
The fronds may be metres long; they are devoid of a midrib and 
are usually dilated at intervals by conspicuous vesicles (b) so that at 
high water the thallus spreads out near the surface. In adult plants 
the tips of the upper laterals become swollen and constitute receptacles 
(fig. 1 15 E, F, r). According to Tobler ((276) p. 575) the greater part 
of the long shoots perishes at the end of each season, but this is 
probably not so in all areas (cf. (hO). 

The young plants ((178) p. 30, (275) PI. XX) soon become elongate 
and show but little broadening above the basal stalk; the apex is 
truncate and devoid of hairs (fig. 127 C). In somewhat older germ- 
lings a number of laterals (bs) arise near the base, but these at first 
remain short, whilst the main axis grows rapidly and soon forms 
marginal branches of limited growth (fig. 115 C, la)\ at a later stage 
the basal laterals (bs) also lengthen, those originating close to the base 
subsequently appearing to arise directly from the attaching disc. If 
the axis is broken or damaged near its base, one of the basal shoots 
takes its place, whereas injury to the upper part of an older plant leads 
to the outgrowth of a number of the laterals into long shoots and 
results in a bushy habit. There is altogether much diversity in the 
appearance of this seaweed. 
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Fig. 1 15. A, G, Seirococcus axillaris (Kutz.) Grev. ; A, part of a fertile plant; 
G, diagrammatic longitudinal section through apex, a-f successive out- 
growths, 1-7 successive growing points. B, Axillaria constricta (Kiitz.) 
Gruber, part of a fertile plant. C-F, Ascophyllum nodosum (L.) Le Jol.; 
C, habit of a young plant; D, small part of a mature plant showing position 
of laterals; E, the same, with fertile laterals; F, part of an adult plant, a, long 
axis; by air-bladder; 65, basal shoot; dy attaching disc; gy apex; /, outgrowths 
subtending lay lateral branches; r, receptacle. (C-E after Oltmanns; F after 
Taylor; the rest after Gruber.) 
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A greater resemblance to Fucus is shown by the Australasian Xipho- 
phora ((3) p. 202, (16), (74) p. 18, (79) p. 176, (81) p. 215, (82) pi. 53,^ (83), (132) 
p. 500, (152), (306)), where the flat ribless thallus appears monopodially 
branched below, although the ultimate fertile parts are dichotomous. 
There are no air-bladders. Axillaria constricta {Carpoglossum con- 
strictum Kiitz. (197) p. 349; Ozothallia (Ascophylluni) constricta Ag.), 
a sublittoral South African seaweed, approaches nearer to Ascophylluni 
((74) p. 17). The characteristic notches on the longer fronds (fig. 1 15 B, /) 
subtend vegetative laterals {la) or short pear-shaped receptacles (r); 
both emerge from marginal slits extended in the plane of the thallus. 
The essential difference from Ascophylluni lies in the absence of di- 
chotomous branching, in which respect Axillaria agrees with several 
allied genera. In these, however, the principal fronds bear leafy laterals 
which are probably homologous with the notches of Axillaria. 

Such forms are well illustrated by the Australian Seirococcus axillaris 
((82) pi. 4; Scytothalia axillaris Kiitz. (74) p. ii, (178) p. 62). The flat 
fronds (fig. 115 A) here bear large leafy outgrowths (/) arising in two 
alternating rows. The apex (g) is occupied by a rounded depression 
covered in by the rudiments of these laterals (fig. 1 15 G, d-f) and with 
the slit harbouring the apical cell (i) at its base. The leafy laterals are 
stated not to grow by means of an apical cell, but are formed by the 
division of groups of surface-cells (p. 353). Branches, repeating the 
structure of the main axis arise at rare intervals (fig. 115 A, la). The 
small and crowded moniliform receptacles {r) for the most part occupy 
the adaxial margins of the laterals; they are simple or branched and 
each swelling harbours a single conceptacle, the male usually at the 
base, the female nearer the top ((251) p. 34). 

A number of genera resemble Seirococcus in the possession of leafy 
laterals and like it are no doubt derivatives of Fucus types. In 
Scytothalia dorycarpa (Turn.) Grev, ((74) p. 15, (79) p. 456, (82) pi. 9) the 
prominent receptacles mainly occupy the margins of the axis between 
the “ leaves This is also so in Cystosphaera ((247) p. 146), which is dis- 
tinguished by dichotomous branching and the possession of axillary 
vesicles. C. Jacquinotii is a characteristic sublittoral Antarctic species 
((314) p. 47). Similar stalked air-bladders occur in Marginariella {Margi- 
naria (79) p. 175, (81) p. 213, (130) p. 312, (271)) and, like the crowded 
spindle-shaped receptacles, arise from the edges of the thallus-branches. 
In Phyllospora ((3) p. 252, (74) p. 15, p. 214) the numerous toothed 
laterals, borne on the flattened leathery axes (fig. 1 16 A, /), are narrowed 
basally so that there is a greater resemblance to foliar organs. The 
smaller receptacular branches (r) arising between them are often pro- 
vided with a large basal air-bladder (7;). The laterals are again devoid 
of an apical cell and develop without order. P. comosa ((82) pi. 153) is 
one of the largest Australian Fucoids growing in exposed situations near 
low-tide level. A more aberrant form is the Australian Scaheria ((82) 
pi. 164) in which the laterals are verrucose pseudo-peltate structures 
harbouring the conceptacles in their dilated ends and in part replaced 
by large globular air-bladders covered with warts. 

^ As Fucodium gladiatum Ag. 
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The genera grouped as Fucaceae all exhibit more or less marked 
flattening of the greater part of the thallus, although a basal stalk is 
often present in older plants. The least specialised member is FucuSy 
with its essentially dichotomous branching ; Pelvetia readily falls into 
line with it. In Ascophyllum and its allies {AxillanUy Seirococcus, etc.) 
there is a progressive replacement of dichotomous by monopodial 



Fig. 1 16. A, B, Phyllospora comosa (Labill.) Ag. ; A, part of a fertile plant; 
B, attachment organ. C, D, Himanthalia lorea (L.) Lyngb. ; C, young and 
D, older plant, a, apical depression ; </, attaching disc; /, lateral; r, receptacle; 
Sy stalk; Vy air-bladder. (A, B after Harvey from Engler-Prantl ; C, D after 
Oltmanns.) 

branching, combined with the differentiation of more or less clearly 
marked fertile laterals. The affinity between the diverse members of 
the Ascophyllum-dXXmncQ is evident from a comparison of the structure 
of the growing apices and the details of branch-development (cf. 
p. 353). Moreover, the mature plants of all Fucaceae so far investi- 
gated possess a four-sided apical cell, which is met with in no other 
representatives of the order. 


HIMANTHAZIA 


331 


(b) The Genus Himanthalia 

This striking seaweed ((70), (178) p. 66, (210) p. 13, (275) p. 48, (291)) is 
abundant near low -tide level on moderately exposed shores, often 
growing attached to steep cliff-faces (fig. 1 17 A). The thallus is sharply 
differentiated into sterile and fertile portions. The former is repre- 
sented by a stalked PezizaAikc structure (fig. 1 16 D), which may reach 
a diameter of several centimetres. The stalk (^), attached by the custo- 
mary disc {d) and between J and 2 cm. in length, is somewhat flexible, 
so that the cup can yield to wave-action. The upper surface of the cup 

A B 



Fig. 1 17. A, Himanthalia lorea Lyngb., The Ledges, Port St Mary, Isle of 
Man, plants in various stages of development, the youngest at a; at / plants 
of Laurencia hyhrida Lenorm. B, Fucus vesiculosus L. above and Ascophyllurh 
nodosum (L.) Le Jol. below, on the coast of the Faeroes. (A, photo: Margery 
Knight; B, photo: F. Boergesen.) 

is concave, and in relatively young stages a central dot (fig. 116 C, a) 
marks the position of the apical pit ; in older plants 2-4 such pits can 
be distinguished. During the second or third year of its life from 1-4 
(generally 2) long, band-shaped, dichotomously branched receptacles 
(fig. 1 17 A), bearing conceptacles throughout most of their length, 
grow out from the concave surface and, after liberation of the sexual 
cells, the whole plant usually dies away ((291) p. 532; cf. however (70) 
p. 16). The receptacles, though only 1-2 cm. broad, can reach a length 
of 2 metres; the apical slit is here orientated at right angles to the 
surface. A small basal part, rather narrower than the rest, is sterile 
and is stated ((291) p. 497) to be especially flexible. The young re- 
ceptacles are negatively geotropic (36). 
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Young stages of Himanthalia ((178) p. 68) are pear-shaped (fig. 116 
C) and much like those of Fucus; occasional abnormal individuals 
retain this form permanently ((70) p. 12). Most soon broaden and 
become concave at the top, whilst the lower part differentiates as the 
stalk. The receptacles represent one fork of a dichotomy, the other 
limb of which remains arrested. 

This rather isolated type appears to be most nearly allied to Fucus, 
The vegetative part of the plant somewhat resembles a young stage 
of the latter, though modified in shape and with branching suppressed 
until the time of production of the receptacles. On the other hand, 
in the restricted development of the primary axis, there is some re- 
semblance to Cystoseira and other specialised forms. 

(c) HALiDRYSy Cystoseira y and their Allies (Cystoseiraceae-) 

The series of genera now to be considered are for the most part mono- 
podially branched and, since branching is usually copious, they often 
present a bushy habit (fig. 120 A). Few, if any, appear to be able to 
withstand much desiccation, and they are found either in deep rock- 
pools or in the sublittoral region. They are best represented in warmer 
seas. In certain genera the bulk of the branching takes place in one 
plane so that the thallus, as in Fucaceae, is bilaterally organised, and, 
since these are probably the more primitive types, they may be 
described first. 

In Halidrys siliquosa ((80) pi. 66, (178) p. 44) the numerous, usually 
slightly flattened, branches are for the most part disposed in one plane 
and arise alternately from the margins of their respective parent axes 
(fig. 1 18 D). Most of the lower laterals develop into long shoots, some 
of which may reach the same length as the main axis. At higher levels 
the few long branches are scattered quite irregularly among the many 
short ones, some of which appear as mere teeth (2-3 mm. long). 
Certain laterals develop into characteristic, chambered and mucronate 
air-bladders (fig. 118 D, b) resembling a septate siliqua, while some 
of the upper ones differentiate into stalked receptacles (r) which are 
often grouped in a racemose manner. According to Reinke ((11^7) p. 356) 
many of the short branches are shed at the end of the season. In //. 
dioica ((49), (65) p. 323) flattening of the thallus is more marked. 

Bifurcaria {Pycnophycus) tuberculata ((10) p. 112, (74) p. 21, (80) pi. 
89, (191), (275) p. 50), frequent on the Atlantic shores of Europe and 
Africa, is exceptional among Fucales in possessing a richly branched, 
perennial rhizome attached to the substratum by small adhesive discs 
(fig. 1 18 A, rh), A similar rhizome is found in the South African B, 
sisymbrioides Kiitz. ((197) p. 355). That of tuberculata {^g. 118 C) 
is a gnarled structure with numerous short, irregularly swollen 
branches, many of which remain arrested; these show the apical 
depression {a) very clearly. Other branches (e) bend up and give rise 
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Fig. 1 1 8. A-C, Bifurcaria tuherculata Stackh. ; A, habit of a fertile plant; 
B, longitudinal section of apex; C, part of rhizome enlarged. D, E, Halidrys 
siliquosa (L.) Lyngb. ; D, habit of a fertile plant; E, diagrammatic longi- 
tudinal section of a branching apex, 1-4 the successive apical cells, a, apical 
cell; b, air-bladder; e, erect shoots; r, receptacle; rh, rhizome. (A after Rees; 
B, C after Gruber; D after Newton; E after Oltmanns.) 
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to forked, terete shoots which grow to a height of 30-45 cm. 
(fig. 1 18 A) and die down in the late autumn; constrictions occur at 
the points of branching and where the erect axes arise from the 
rhizome. Despite the apparent forking the branching is, according 
to Gruber, actually monopodial and bilateral. 

The rhizome is probably a lateral outgrowth from the axis of the 
young plant, which is no doubt erect and radial as in other Fucales. 
The tuberculate receptacles (fig. 118 A, r), which are often exposed 
at low water, arise at the tips of the upright shoots, the branches bear- 
ing them sometimes developing air-bladders. 

The South African B, laevigata Kiitz., which has a discoid holdfast 
and differs in other respects ((19O p. 108, (305)), has recently been 
referred to a distinct genus, Bifur cariopsis ((307) p. 21 1). 

Brief mention may be made of certain distinctive Australasian genera. 
Carpoglosswn^ in the restricted sense adopted by Gruber ((74) p. 23),^ 
comprises only C. confluens ((82) pi. 159 ; fig. 1 19 A), which is clearly less 
specialised than Halidrys. The mode of branching of the broad elongate 
fronds is similar, but no special receptacles are differentiated, the con- 
ceptacles merely occupying the ultimate laterals (r). 

Greater differentiation is evident in Platythalia ((74) p. 24). In P. 
quercifolia (fig. 119 D; Carpoglossum quercifolium J. Ag. (82) pi. 43) the 
laterals of limited growth are foliar with serrate or almost pinnate 
margins and a narrowed base; some are sterile, others harbour the 
fertile conceptacles. The branching is bilateral, but by twisting of the 
axis the laterals assume a somewhat radial disposition. In the otherwise 
similar Platylobium Mertensii Kutz.^ ((74) p. 24, (178) p. 50, (197) p. 361) 
special fertile shoots with marginal conceptacles arise from the edges of 
the leafy laterals, while large spherical air-bladders sometimes replace 
the receptacles or even an entire lateral. 

In other Cystoseiraceae most of the branches are laid down radially 
from the first. This is so in Cystoseira,^ several species of which occur 
in Britain near and below low-tide level, where they often form con- 
spicuous submarine bushes, generally densely occupied by epiphytes. 
The genus is, however, more characteristic of warmer temperate and 
tropical seas ((58) p. 265, (233), (234) p. 82, (281) p. 135); its species 
form a prominent belt below low-water mark in many parts of the 
Mediterranean ((54) p. 210, (227), (273) p. ii, (315) p. 186). The Pacific 
C. osmundacea (Menz.) Ag. ((65) p. 333, (243) p. 709) may grow to a 
length of 6 metres, whilst C. canariensis Sauv. ((25) p. 102) reaches 
a height of only 14 cm. Several species show a striking iridescence 

^ Carpoglossum constricturn is the type of Gruber’s Axillaria (p. 329), 
whilst C. quercifolium J. Ag. and C. angustifolium J. Ag. ((82) pi. 128) are 
referred by him to Sender’s genus Platythalia. 

^ This species is referred to Cystophora (p. 339) by some authorities ((278) 
p. 138). Schmidt ((235) p. 229) points out that there is a Leguminous genus 
Platylobium and proposes the name Neoplatylobium. 

® See (48), (178) p. 51, (197) p. 358, (22s), (227), (280). 
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((20) p, 669, (223), (22s) p. 146), and the majority favour well-illuminated 
habitats ((58) p. 265), although C. Montagnei J. Ag. penetrates to 
depths of 50 metres in the Mediterranean. Species of Cystoseira are 
occasionally attacked by a Pyrenomycetous fungus ((177) p. 3). 

There is usually a distinct main axis (fig. 120 A, C, w), but this 
mostly reaches no appreciable height; it is rounded or angular in 



Fig. 1 19. A, B, Carpoglossum confluens (R. Br.) Kiitz.; A, part of a fertile 
plant; B, apex of a frond. C, D, Platythalia quercifolia (R. Br.) Sond. ; C, apex 
of a growing frond; D, part of a plant, a, apical depression; r, receptacle. 
(After Gruber.) 


cross-section and attached by a basal disc {d) which is often somewhat 
conical. In a few species (e.g. C. Abies-marina C. Ag.) the main axis 
is prostrate, whilst in C. fibrosa C. Ag. it is elongate and flattened and 
bears distichous branches. As a general rule, however, the primary 
laterals are disposed in a 2/5 spiral and grow to a much greater length 
than the main axis, which may be altogether hidden among them (e.g. 
C. granulata ((80) pi. 60). Its height is given as 1-2 cm. in C. amentacea^ 
i-io cm. in C. abrotanifolia (fig. 121 C), 10-30 cm. in C. crinita^ and 
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Fig. 120. Cystoseira (after Valiante). A-C, C. harhata J. Ag. ; A, part of a 
mature and fertile plant; B, early and C, later stage in development. D, C. 
opuntioides Bory, lower part of a plant, d, attaching disc ; /, primary axis ; 
/, lateral ; m, definitive axis ; r, receptacle ; dilated base of lateral. 
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60-75 barbata. The full height is only gradually attained, 

the annual growth being small. 

The laterals. always show extensive monopodial branching. In some 
species the ultimate ones are very short so that the habit is ericoid 
(C. ericoides Ag. ((8o) pi. 265). In others (C. abrotanifolia^ C. ostnun- 
daceUy etc.) the basal parts of the primary laterals, and sometimes of 
those of higher orders, are flat and more or less markedly lobed, with 
all the branches arising in one plane (cf. also (178) p. 49).^ The young 
plants then present a characteristic appearance (fig. 12 1), altogether 
different from that of the mature stage, in which the primary laterals 
and their branches have lengthened, become terete, and acquired the 
normal radial branching. In most species, however, all the branches 
are terete and radial from the first (fig. 120 A, C). Air-bladders (222) 
are commonly present and usually occupy the lower parts of the 
ultimate laterals, often occurring in short series. The receptacles are 
frequently spindle-shaped (fig. 120 A, r). 

All Cystoseiras are perennial,^ although a few are sometimes mono- 
carpic (C. abrotanifolia). During the annual lengthening of the main 
axis it often undergoes considerable increase in thickness. On the 
approach of the dormant season a more or less considerable part of 
the branch-system is usually shed, and the plant may assume a 
strikingly different appearance ((221), (225) p. 146). The laterals of the 
first order usually develop continuously and finally become detached 
as a whole, leaving a stump or a mere scar on the main axis. In certain 
species, however, which are distinguished by the dilated bases 
(“ tofuli’’ of Valiante ((280) p. 8) of the primary laterals (fig. 120 D, ^), 
their development takes place in two stages ((225) p. 143), the swollen 
bases arising towards the end of the period of active growth and 
remaining dormant until the following season when they grow out 
into branches. The basal dilation persists after the upper part of the 
branch is shed. In some species (C. Montagnei J. Ag., C. spinosa 
Sauv.) all the primary laterals develop in this way, and the surface of 
the main axis becomes covered with an uninterrupted series of 
tubercles (fig. 120 D), but in others (C. granulata, C. platyclada 
Sauv.) some of the first-formed primary laterals of each season lack 
the basal dilation. The axis then bears alternating series of tubercles 
and scars by means of which its age can be determined ((22s) p. 144). 

Shedding of the branches occurs both in littoral and sublittoral 
species, but does not take place in young plants. In the new season 
branches in the tuberculate forms arise not only from the apical tubercles, 
but also adventitiously from the swollen bases of older laterals. In 
certain species the long laterals, after they are shed, are replaced by 
numerous short branches (C. mediterranea (Ag.) Sauv.) or, as in C. 

' As Halidrys osmundacea. 

2 These data are based on Sauvageau’s extensive observations in the 
Mediterranean and adjacent seas. 
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foeniculacea ((80) pi. 122, (225) p. 146), by flattened shoots with distichous 
laterals, devoid of air-bladders. 

The tubercles are probably storage-organs. They consist of thin- 
walled cells, are devoid of hyphae, and are traversed by a central strand 
of elongate cells. They are commonly covered with spiny outgrowths 
which also often occur abundantly on other parts of the thallus. 

The young plants ((280) p. 3) resemble those of FucuSy especially in 
species like C, abrotanifolia in which the upper part of the embryo 
flattens at an early stage (fig. 12 1 A,/), but so far as present evidence 
goes, the primary axis of the embryo does not develop beyond a 
certain stage. When it has reached a length of 5 or 6 mm., an apical 
cell arises near its base {d) and soon becomes sunk in the usual de- 
pression ((280) p. 6). The active division of this apical results in the 



Fig. 121. Cystoseira abrotanifolia C. Ag., three successive stages in develop- 
ment (after Valiante). A, young embryo; B, older embryo showing primary 
frond (/), the definitive axis (d) and two laterals (1,2) developed from it; 
C, a young plant, a, attaching disc; </, definitive axis; /, primary axis; 
/, lateral; w, main axis; />, stalk. 


production of a secondary shoot (fig. 12 1 B, d) which becomes the 
definitive axis of the plant and, as the latter becomes established, the 
primary axis (/) above its place of origin is gradually turned to one 
side. The basal part of the axis is therefore a sympodium. All the 
later laterals, however, develop monopodially and in acropetal suc- 
cession from the definitive axis (fig. 12 1 C) which persists throughout 
the life of the plant. The first two laterals (fig. 120 B) arise on opposite 
sides of the axis, and it is only after this that a 2/5 divergence is 
established, although subsequent displacement causes the first two 
laterals to fall into the 2/5 spiral. The early development has only been 
examined in a few species, and it remains to be seen whether the 
sequence just outlined is always followed. 

In certain species (C. foeniculacea, C. abrotanifolia) several fronds 
arise from the basal disc in the older plant. This is due ((225) p. 142) to 
the development of adventitious branches from the lower part of the 
axis, which gradually become incorporated in the enlarging holdfast. 
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The large genus Cystophylluniy widely distributed in Japanese waters 
(299), has the habit of a Cystoseira and the two genera are no doubt nearly 
allied. It is not easy to draw a sharp distinction between the mature 
plants of the two genera. According to Yendo ((299) p. 35) the only 
general difference lies in the restriction of air-bladders to the ultimate 
branchlets in Cystophyllum (cf. (82) pi. 139). Another imperfectly 
known genus of this affinity is the Australasian Cystophora^ ((7) p. 44, 
(81) p. 214, (82) pi. 175, (302)), which is chiefly distinguished by its stalked 
air-bladders. In some species the entire vegetative system is bilateral, 
the fertile branches alone showing a radial arrangement. 

A rather different type is seen in Landsburgia ((74) p. 28, (8i)'p. 213), 
where the almost terete main axes bear radially disposed laterals, some 
of which resemble the axis, while others develop as lobed leafy struc- 
tures (fig. 123 A); smaller laterals of the latter type (r) harbour the 
conceptacles. There is some resemblance to Platythalia (p. 334). The 
leafy laterals of Landsburgia recall those of the young plants of such 
Cystoseiras as C. abrotanifoliay and there is also similarity to the flat 
basal parts of the primary laterals of certain Cystoseiras. Oltmanns 
((179) p. 199) may well be right in looking upon Landsburgia as a rela- 
tively primitive representative of the radial Cystoseiraceae, although 
Gruber regarded it as a specialised form. 

The radial organisation of Cystoseira and its allies is probably 
secondary, and there is reason to believe that bilateral forms like 
Halidrys represent the more primitive condition within the family. 
Their derivation from IhicusAxkt types presents no difficulty. It may 
be recalled that some Cystoseiras retain a bilateral organisation in the 
early branching of their primary laterals. All Cystoseiraceae appear to 
possess a three-sided apical cell (p. 353). 

{d) Sargassum and its Allies (Sargassaceae) 

The genera included in the Sargassaceae,^ which are in part rather 
vaguely defined, exhibit the most complex morphology among 
Fucales. Like the Cystoseiraceae some show bilateral, others radial 
organisation, and the former are no doubt more primitive. The 
branching is always monopodial. All the members of the family are 
distinguished by the special features of the lateral branch-systems, 
d'hese (figs. 122 A, F, II ; 123 C) bear at their base one or two leaf-like 
organs (/), in the “axil” of one of which the whole system often 
appears to arise. The three-sided apical cell is lodged at the base of 
a deep funnel-shaped depression. Species of Sargassum are not 
native to Britain, although S. natans {S. bacciferum Ag. (80) pi. 109) 
is sometimes cast up after storms. A few {S. Hornschuchii Ag., 
S. linifolium) occur in the Mediterranean, but the main centre of 

^ Inch Blossevillea ((9) p. 336, (197) p. 3^2; cf. however (235) p. 230). 

^ For the general literature of Sargassum, see (5), (7) p. 49> (75), (i 94 <a), (iQS), 
(438-42), (299). 
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Fig. 122. A, Sargassum (Anthophycus) longifolium Ag., small part of a fertile 
plant. B, C, Carpophyllum flexuosum (Esp.) Grev. ; B, part of a fertile plant; 
C, lateral with axillary cluster of receptacles. D, E, Sargassum linifolium 
(Turn.) Ag., young embryos, J, 2 the two primary cells. F, S. (Pterocaulon) 
Peronii (Mert.) C. Ag., part of a fertile plant. G, S, V acMlianum Grev., basal 
part of a plant. H, I, S. enerve C. Ag. ay main axis; d, attaching disc; 
/, lateral; r, receptacle; rhy rhizoid-cell ; Vy air-bladder. (A, F after Kutzing 
from Oltmanns; B after Gruber; C after Dawson; D, E after Nienburg; 
G-I after Setchell.) 
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distribution is in the Southern Hemisphere and especially in the 
warmer seas (see map 2, p. 252; and (241a) p. 574, (281) p. 135). 

With Oltmanns ((178) p. 61, (179) p. 202) the South African Sar- 
gassum (Anthophycus) longifolium may be taken first as representing 
a relatively unspecialised type. The lateral branch-systems here show 
a distichous arrangement throughout the plant. On the lower parts 
of the long axes they are represented merely by leafy outgrowths 
flattened in the plane of branching, but above they constitute fertile 
systems comprising a number of distinct structures (fig. 122 A). Near 
the base these bear two alternate “ leaves ’’ (/) which are again expanded 
in the plane of branching; the upper adaxial one usually surmounts a 
prominent air-bladder (v) which is occasionally alone present. Beyond 
this the axis of the lateral bears a series of repeatedly branched re- 
ceptacles (r). In several of the distichous species (e.g. S, Peronii 
fig. 122 F; (4) p. 54, (178) p. 62, (197) p. 365) both the axes and the 
laterals are flattened, and a midrib {m) may be present throughout. 
Agardh ((s) p. 3) regarded such species as primitive. 

From forms like these there are many gradations to the typical 
Sargassums (Sect. Eusargassum) which are radially organised and 
present a bushy habit like that of a Cystoseira, As in that genus, too, 
the main axis is commonly only a few centimetres high (fig. 122 G, «), 
and it is the richly branched primary laterals that constitute the 
greater part of the vegetative system. The Eusargassums comprise 
about two-thirds of the known species and are essentially confined to 
tropical seas. In them the terete or angular branches of the first and 
higher orders are spirally arranged and bear numerous laterals of 
limited growth (figs. 122 H; 123 C), in which the basal “leaf (/) is 
usually the most conspicuous. These foliar organs, which are some- 
times very narrow (e.g. S. patens Ag.), commonly possess a serrate 
margin and are usually provided with an obvious midrib (absent in 
S. enervCy fig. 122 H). In certain species the long axes bear wart-like 
outgrowths giving them a spiny or verrucose appearance. Parts of the 
branch-system may be shed periodically and later replaced by new 
growth ((259) p. 212). 

Both the primary and the subsidiary branch-systems develop a 
basal “ leaf” which more or less clearly subtends the remainder of the 
branch-system (figs. 122 H ; 123 C). The “ leaves ” (/) are, as a general 
rule, flattened in the vertical plane, although commonly expanded 
horizontally in the lower parts and sometimes over a considerable part 
of the plant ((240) p. 2), for the most part probably as a result of twist- 
ing of their stalks ((s) p. 5). On the lower parts of the long shoots some 
of the laterals comprise little but this leaf, although there are some- 
times axillary rudiments, but in the upper regions of mature plants 
many of the “leaves” subtend axillary branch-systems (fig. 123 C), 
which appear condensed as compared with those Anthophycus. The 
lowest member or members of these branch-systems usually develop 
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Fig. 123. A, Lcmdsburgia quercifolia Hook. & Harv., small part of a fertile 
plant. B, Turhinaria dentata Barton, ditto. C, Sargassum vulgare Ag., ditto. 
D, Turbinaria Murrayana Barton. E, Coccophora Langsdorfii (Turn.) Grev., 
fertile plant, h, hapteron; /, lateral; r, receptacle; ^ (in E), scales; v, air- 
bladder. (A after Gruber; B, D after Barton; C after Boergesen; E after 
Okamura & Oshima.) 
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as stalked air-bladders (t;) which may or may not be crowned by a 
leafy termination ; the extremes are seen in fig. 122 A and H. Not un- 
commonly, however, the lowest member may develop as a leaf, while 
conversely the subtending leaves are sometimes replaced by air- 
bladders; the latter are no doubt homologous with the “leaves”. 
The subsequent members of the axillary branch-systems, which are 
more or less richly branched, are cylindrical or flattened and consti- 
tute the receptacles (figs. 122 1 ; 123 C, r). While it is convenient to 
speak of “ leaves ” and “ axillary branches ”, the whole lateral no doubt 
represents a single branch-system, the first member of which appears 
as the subtending leaf (cf. p. 353). 

This brief account is inadequate to afford a true conception of the 
range of form which is presented by the species of Sargassum and which 
will be evident from a perusal of the works cited in the bibliography. 
The lateral branch-systems exhibit a varied differentiation, both in 
different individuals and in different species. In Acystis (230), recorded 
from the Red Sea, the erect shoots arise from a prostrate and flattened 
rhizome and there are no air-bladders. 

Certain bilateral flattened forms, devoid of air-bladders on the 
axillary systems (fig. 122 C) and characterised by the possession of an 
elongate main axis, are usually referred to a separate genus Carpo- 
phyllum ((41), (45), (178) p. 6i), well represented in the Australasian region. 
Judging by Gruber’s figure (fig. 122 B) the subtending leaf is sometimes 
suppressed, the branched receptacles (r) then arising direct from the 
margins of the flattened shoots. These forms possibly constitute a 
distinct evolutionary line. 

In Tiirhinaria ((!.«;), (8a) pi. 13 1) the radially organised plants are com- 
pact and cone-like. The laterals take tfie form of firm, more or less 
peltate structures (fig. 123 B, D, /) bearing the short well-branched 
receptacles (r) in clusters on the upper sides of their stalks. Certain 
species possess a conspicuous air-bladder below the peltate enlarge- 
ment, while in 7 \ trialata, for example, the stalk is winged. Attachment 
is effected by a system of spreading branches at the base of the main 
axis (fig. 123 D, /z). 

The monotypic Coccophora^ ((3) p. 249, (74) p. 26, (17s), (252), (299) pi. 5) 
has a perennial basal disc from which long shoots arise in each season. 
At the beginning and towards the end of their growth they produce 
dichotomously branched filiform laterals (fig. 123 E, /), but over most 
of the older part they bear triangular scale-like appendages. Axillary 
systems that bear secondary filiform laterals appear sooner or later, but 
on the lower parts of the axes these laterals remain small, while on the 
upper many of them lengthen and branch extensively so that the shoots 
assume a densely tufted appearance. More than a year after the ap- 
pearance of the long shoots, the upper axillary systems undergo marked 
elongation (fig. 123 E), producing scales (5) similar to those borne on 

^ C. imperata Yendo ((299) p. 53) has been shown to be merely a young 
stage of C. Langsdorfiij while C. phyllamphora J. Ag. is only a form of the 
latter ((299) p. 49)- 
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the main axis and, after some time, developing at their tips a number of 
stalked rounded receptacles (r); soon after this the whole shoot dies. 
No clear information is available as to the relation between the axillary 
systems and the filiform laterals from which they arise, but Coccophora 
would appear to be one of the most highly specialised members of the 
order. 


{e) Hormosiraceae 

All the Fucales hitherto noticed possess a single apical cell, but the 
Australasian genera Hormosira and Notheia^ although they resemble 
the others in many respects, differ in the presence of several apical 
cells (p. 354). Oltmanns classes them as Anomalae^ but they are 
perhaps better considered as constituting a separate family. 

Hormosira ((69), (74) p. 4, (82) pi. 135, (isO) is a plant of characteristic 
habit (fig. 124 C), the dichotomously branched thalli consisting of 
much enlarged hollow segments separated by short solid stalks (s). 
Sterile and fertile conceptacles (fig. 124 D, c) are irregularly scattered 
over the vesicular segments. In transverse sections through base or 
apex of the latter the central hollow is produced into four (rarely three) 
bays, but towards the middle of the segment these disappear and 
there is a wide cavity bounded by a large-celled tissue penetrated by 
hyphae. 

Notheia ((17), C74) p. 6, (82) pi. 213, (130), (150)) is a small epiphyte 
about 12 cm. high, so far only found on Hormosira (figs. 124 B ; 133 E) 
and Xiphophora. The terete thallus is branched monopodially and 
bears conceptacles throughout. The branching is peculiar (fig. 124 E) 
in the fact that the laterals (/) arise from the bases of the conceptacles 
which at the same time also harbour oogonia ((150), (293) p. 635) or 
antheridia ((17) p. 421). According to Barton ((17) p. 423) the zygote 
gives rise to a septate filament which penetrates between the cells of 
the host and branches profusely; in the older plant ((293) p. 637) the 
endophytic portion consists of a mass of elongate colourless cells. 
In segments of Hormosira occupied by Notheia the central hollow is 
filled by proliferation of the medulla. 

The relation of these two genera to other Fucales is not at present 
clear. 


(/) Durvilleaceae 

Durvillea^ a striking member of the vegetation of the Subantarctic 
seas (D, map 2, p. 252), presents many resemblances to one of the 
larger Laminarias (fig. 124 A). In D. antarctica {D. u tilis Boryy the 
circular attaching disc {a) may be more than half a metre in diameter 
and bears several fronds which may reach a length of 10 metres. The 

1 See (9) p. 340, (61) p. 51, (72) p. 610, (74) p. 3 » (79) p. 454 > (^ 7 ), (187) pi. i, 
(247) p. 140, (248) p. 52, (314) p. 48. 
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relatively short stipe (^^), which increases in thickness year by year 
and may become 7*5 cm. thick, is flattened at its upper eild, where it 
passes over gradually into the leathery blade. The latter divides into 



Fig. 124 . A, Durvillea antarctica (Cham.) Hariot. B, E, Notheia anomala 
Bail. & Harv. ; B, a plant epiphytic on Hormosira; E, vertical section through 
a female conceptacle, with a lateral branch. C, D, Hormosira Banksii (Turn.) 
Decsne; C, habit of a small plant; D, longitudinal section through two seg- 
ments. «, attaching disc; c, conceptacle; A, hair; ho, cavity; /, lateral; o, 
oogonium; s, solid tissue; st, stipe; su, substratum; v, hollow segment. 
(A after Postels & Ruprecht; the rest after Gruber.) 

numerous narrow whip-like segments, in which the central tissue 
breaks down with the formation of a number of chambers which 
become inflated with gases. D. antarctica is an inhabitant of the littoral 
zone, but favours localities where there is strong wave-action so that 
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it is always covered with spray. Where the growth is luxuriant, the 
segments of the blades become densely tangled ((247) p. 141). 
D, Harveyi is considerably smaller and the undivided portion of the 
blade is more extensive.^ 

Durvillea possesses neither an apical, nor an intercalary meristem 
and growth is diffuse. The segments of the blade are stated to arise 
as local outgrowths. Despite the Laminaria-like habit, fertile con- 
ceptacles differing only in minor particulars from those of other 
Fucales are scattered over the whole thallus. On the whole, therefore, 
the resemblances to Fucales are greater than those to Lami- 
nariales. 

Skottsberg’s Ascoseira ((247) p. 148, (248) p. 50), referred to a distinct 
family, has a repeatedly forked stipe, each branch of which terminates 
in a long and rather narrow, leathery blade, bearing conceptacles on 
both surfaces except in the basal portion. The conceptacles contain 
chains of reproductive organs, each producing eight reproductive cells 
of unknown nature. The relation to other Fueales remains quite obscure 
(cf. also (129) p. 312). 

EARLY DEVELOPMENT, APICAL GROWTH, 

AND BRANCHING 

The early development of the embryo, which is known in many 
genera, 2 commences with rapid division of the zygote (figs. 114 G; 
122 D, E; 125 A) to form a spherical or pear-shaped mass of cells 
attached to the substratum by more or less numerous unicellular 
rhizoids arising from the basal cells. Periclinal division sets in at an 
early stage. The first wall, dividing the zygote into an upper and a 
lower cell (fig. 122 E, 7 , 2), is usually followed by a further horizontal 
division in the latter, whereby a small rhizoid-cell {rh) is cut out at the 
base. At the same time or soon afterwards vertical division into 
quadrants (fig. 122 D, E) takes place in the upper (7) and subse- 
quently in the underlying (2) cell ((162) p. 178, (264) p. 10), while at an 
early stage the upper cell usually divides transversely into two tiers 
(fig. 122 D). The base of the zygote sometimes lengthens into a 
rhizoid before the rhizoid-cell is cut off ((280) p. 3), while in many 
Fucales the latter divides vertically into several cells before the out- 
growth of rhizoids occurs; the number of cells thus produced is often 
considerable among Sargassaceae and varies in different species (93. 

94, 173,264,266,268). 

In various genera the first wall is orientated at right angles to the 
direction of the incident light ((156) p. 139, (184), (208) p. 58, (295) p. 301) 
which thus determines the polarity of the plant, although this does not 

^ The genus Sarcophycus ((3) p. 189, (286)) is now generally included in 
Durvillea (cf. (247) p. 139). 

^ See (70), (178) p. 24, (274), (275) p. 47, (280) and the other papers cited in the 
text. 



EARLY DEVELOPMENT 


347 

apply to all Fucales ; it is principally the blue rays that are concerned 
((91) p. 40). The orientation of the first wall is, however, also influenced 
by the presence of adjacent germinating zygotes (group orientation, 
cf. (282) p. 303) and, where the latter are near together, light cannot 
overcome this stimulus. Du Buy and Olson (50) attribute this to the 
presence of growth regulators which are specially abundant in the 
ova. 

The rhizoids always grow out on the side away from the light ((53) 
p. 640, (los) p. 685, (121), (208) p. 58). In Fucus it has been shown (164) 
that this is an effect of unequal illumination, the rhizoids appearing on 
the less strongly illuminated side of the zygote (cf. also (83) p. 566), 
and their position is not determined by the actual direction of the 
incident light. If zygotes are successively illuminated from two direc- 
tions perpendicular to one another, the rhizoids originate between the 
two and lie the nearer to the first direction of illumination, the longer 
the light from that source has acted ((105) p. 689). Zygotes of Cystoseira 
((104) p. 741) and Pelvetia fastigiata (136) subjected to centrifugal force 
develop rhizoids centrifugally (cf. also (309)). On the other hand 
Rosenvinge could recognise no effect of gravity or contact. Whitaker (284, 
285) stresses the importance of gradients of hydrogen-ion concentration 
and suggests that this may afford an explanation of group-orientation 
(see also (310, 31O). 

The early development of Fucus ((53) p. 640, (169), (178)) differs in 
certain respects from that of other genera. The side of the zygote 
away from the light grows out, usually prior to the appearance of any 
septa, into a rhizoid which subsequently divides to form a narrow 
multicellular strand (fig. 125 B, r). According to Nienburg ((169) 
p. 54) the first wall in the zygote (fig. 125 A, i) is followed by two 
other horizontal ones (2, j) giving a row of four cells; the rhizoid is 
largely formed from the lowest cell, although the one above contri- 
butes something. The uppermost segment divides by perpendicular 
walls (fig. 125 A, B,^), followed by horizontal segmentation (6) into two 
tiers, and then by anticlinal and periclinal walls (7, 9) leading to the 
formation of peripheral and central cells. At the same time the under- 
lying primary segment has subdivided (fig. 125 B) and, together with 
the products of the uppermost primary segment, gives rise to the 
body of the young plant. The prominent primary rhizoid is later 
supplemented by others growing out from the lower cells (fig. 125 F). 
A multicellular rhizoid has also been recorded in certain Japanese 
Fucales (95). 

The subsequent development of the embryo probably always takes 
place in essentially the same way. Sooner or later there is abundant 
anticlinal division in the peripheral cells, whilst the inner ones enlarge 
without much segmentation (fig. 125 C). The embryo is now assuming 
an elongate form (fig. 125 F). Occasional periclinal divisions (fig. 
125 E), whereby the number of central cells is increased, also take 
place in the peripheral layer [me) in the upper part of the embryo. 
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As a result, the latter widens (cf. fig. 114 B), but the lower part re- 
mains narrow and constitutes a short stalk. 

At this stage, amid the group of cells occupying the apex of the 
embryo of Fucus, one develops a specially conspicuous nucleus ; this 



Fig. 125. Early development of Fucus vesiculosus L. A, young embryo, J-4 
successive septa ; B, older embryo, development of primary rhizoid and peri- 
clinal division in part above; C, apex of older germling in longitudinal section, 
showing the first and second hairs (Aj, h2) and the origin of the apical 
depression, the numerals in B and C the successive septa; D, apex at a still 
later stage, only basal cell of first hair (hi) surviving; E, transverse and F, 
longitudinal sections of germlings. 6, basal cell of first hair; gt mucilaginous 
wall; hy hair; i, initial cell of hair; w, medulla; me, meristoderm; mh, meristem 
of hair; r, rhizoid. (A-D after Nienburg; E, F after Oltmanns.) 

cell grows out into a first hair (fig. 125 C, A J ; (167), (169) p. 54, (210) p. 4). 
As it lengthens, a meristem {mh) appears above the initial cell (i) 
which persists unaltered during the subsequent course of events. As 
the hair differentiates, the surrounding cells separate from it and 
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initiate a funnel-shaped apical depression which rapidly widens 
(fig. 125 D), in part no doubt owing to active division of the neigh- 
bouring cells. By degrees other adjoining cells successively grow out 
into hairs (fig. 125 C, D, h 2 ) giving the apical tuft mentioned on 
p. 324 (fig. 1 14 B). The first-formed hair (fig. 125 D, hi) soon dis- 
organises, except for its basal cell {b) and from this, according to 
Nienburg, the apical cell of the young embryo is constituted. The 
origin of the apical cell below a trichothallic meristem recalls the 
condition met with in certain Ectocarpales (pp. 90, 1 14). It is not 
at present known whether such an origin is traceable also in other 
Fucales. Hairs have not been observed at the apex of the young 
embryos of Pelvetia ((178) p. 24) and Ascophyllum inter alia. 

Whatever be its mode of origin in other Fucales, all who have 
studied the young plants record the appearance of a three-sided 
meristematic cell (fig. 1 27 1, a) in the apical depression at a certain stage ; 
in longitudinal section it appears more or less biconvex (figs. 126 A; 
127 H, ; cf. however (41) p. 286). Except in Fucaceae, this apical cell 
functions throughout the life of the plant. The segments (figs. 126 A; 
127 G, s) cut off from its three faces undergo periclinal division, 
the outer cells becoming part of the peripheral layer, the inner ones 
dividing further to form the internal tissue of the embryo. For a time 
hairs with a basal meristem (fig. 126 A, h) are produced from the 
peripheral cells in Fucus but, when they have been carried on to the 
edge of the apical depression (fig. 126 B) as a result of the apical 
activity, they are usually shed. Production of hairs ceases before 
the apical cell has been long established. 

Soon after the formation of the apical depression the greater part 
of the embryo of Fucus begins to flatten, only the basal third retaining 
a cylindrical form. In the flattened part a midrib soon appears, while 
cryptoblasts develop along the margins. At the same time the de- 
pression becomes a slit extended in the plane of flattening, the sides 
of the slit adjacent to the thallus-surfaces sloping steeply (fig. 126 C), 
whilst the marginal parts do so more gradually (fig. 126 B). It is at 
this stage that, in Fucaceae, the three-sided is replaced by a four-sided 
apical cell ((178) p. 13, (210) p. 6 , (297)).^ The latter (fig. 126 B, a\ F) has 
the shape of a truncated pyramid, the rectangular base of which 
is directed inwards and the somewhat convex apex outwards; the 
lateral faces are slightly arched and of unequal size (fig. 126 D), those 
parallel to the plane of flattening being narrower than those at right 
angles to it. The distinctive shape is specially well seen in Pelvetia 
((89) p. 32, (III), (178) p. 28) and Ascophyllum, It is probable that this 
definitive apical cell arises from the three-sided one of the embryo by 

^ Apart from the Fucaceae dealt with below, a four-sided apical cell has 
also been recorded in Pelvetia fastigiata ((iss) p. 423) and Xiphophora ((83) 
p. 564, (306) p. 52). The change from a three-sided to a four-sided apical cell 
takes place also in adventitious shoots ((166) p. 179). 




Fig. 126. Apical cell of Fucus (D, F.furcatus Ag., the rest F. vesiculosus L.). 
A, median longitudinal section of a young cylindrical germling, still with the 
three-sided apical cell (a); B, ditto of an older germling, in the plane of 
flattening; C, ditto, in a plane at right angles to that of flattening; D, trans- 
verse section through an older apex; E, longitudinal section of apex of a 
dichotomising frond; F, diagram of apical cell, a, apical cell; bs, basal 
segment; c, cortex; g, mucilage; A, hair; iCy inner cortex; w, medulla; wie, 
meristoderm; ms^ median segment; p, pit; s, segment; sSf lateral segment. 
(D after Woodworth; the rest after Oltmanns.) 
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times two) of the other faces ; this last segment {ms) is often as big as 
the remainder of the apical cell (cf. fig. 126 B, D). In Pelvetia and 
Ascophyllum the segmentation is stated to be less regular (see how- 
ever (155) p. 423). The basal segments divide to form cells of the 
medulla, while the others divide into inner and outer cells as before. 

Dichotomous branching generally takes place in Fucus soon after 
flattening has become apparent. It is initiated by a segment (usually 
representing half the initial cell) from one of the lateral faces as- 
suming the form and functions of an apical cell. According to Oltmanns 
the two apicals thus constituted cut off a considerable number of 
large segments (fig. 126 E), which for a time undergo little division so 
that the initials are at first difficult to distinguish, although later they 
stand out clearly. Each apical cell then proceeds to form one limb of 
the dichotomy, while the intervening segments produce a motmd 
of tissue which divides the apical slit into two. The dichotomous 
branching of Pelvetia and Ascophyllum takes place in the same way. 

The abundant monopodial branching of Ascophyllum (cf. p. 327) 
is initiated close to the apex.^ Longitudinal sections through the 
apical slit parallel to the surface of the thallus (fig. 127 D) disclose, on 
either side of the main apical cell {a)^ a number of initials (i, 2) dis- 
tinguished by denser cytoplasmic contents (cf. also fig. 127 A, J, 2); 
they are derived from segments of the apical cell which have already 
undergone some further subdivision. Each such initial becomes sunk 
within a depression and, as further segments are cut off from the main 
apical cell, the initial is gradually carried over the margin of the apical 
sli^on to one of the edges of the thallus (fig. 127 D, j, 4). Here the 
depression assumes the form of a narrow slit drawn out parallel to the 
long axis of the thallus; in longitudinal sections it is often distinctly 
saccate at the base (fig. 127 D, 5, 6; E, si). Meanwhile, as the 
marginal slit lengthens, the initials multiply (fig. 127 E, 1-3 \ F, si), 
and it commonly becomes divided into several bays, with an apical 
cell at the bottom of each. At the base of the germling the primary 
lateral initial often grows out into a branch without forming others 
(fig. 127 C, bs), but on the more mature parts twelve or more initials 
may arise within a single slit. At first only one of these grows out, but 
others soon follow suit giving the familiar tufts of branchlets (fig. 1 15 
D, F). The presence of numerous apical cells within the marginal 
slits admits of almost unlimited regeneration of laterals. 

Seirococcus ((74) p. 12) shows similar features (fig. 127 A, B). The slit 
harbouring the four-sided apical cell {a) lies at the base of a rounded 
depression, covered in by the rudiments of the leafy laterals (fig. 115 
A, g). The segments of the apical cell (fig. 127 A, li, 1 2), situated be- 
tween the initials (J, 2), here divide to form mounds {1 3) from which 
the leafy laterals (cf. fig. 115 A, /; G, d-f) are produced. As in Asco- 

^ I have followed the later account of Oltmanns ((179) p. 194), which does 
not altogether agree with the earlier one (178). 
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Fig. 127. Apical cells and branching in other Fucales. A, B, Seirococcus 
axillaris (Kiitz.) Grev.; A, longitudinal section of apical depression, j, 2 
apical cells of laterals, /j, l2y I3 successive lateral lobes; B, vertical section 
through apical cell and adjacent segments. C-F, Ascophyllum nodosum (L.) 
Le Jol.; C, young plant; D, diagrammatic longitudinal section of apex in 
plane of flattening, 1-6 successive lateral initials; E, F, two of the marginal 
slits in longitudinal section, in F with an outgrowing lateral (/«), 1-3 in E 
successive secondary initials. G, Halidrys siliquosa (L.) Lyngb., longitudinal 
section of apical depression. H, I, Bifurcaria tuberculata Stackh., apical cell 
in longitudinal (H) and transverse (I) sections, a, apical cell; 65, basal frond; 
df apical depression; /, la, laterals; me, meristoderm; s, segment; si, secondary 
initial; si, lateral slit. (A, B after Gruber; H, I after Rees; the rest after 
Oltmanns.) 
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phylluniy the initials situated in the intervening bays increase in number 
and in part come to occupy the adaxial edge of the lateral ; these 
secondary initials lie in depressions separated by small mounds which 
are clearly equivalent to the leafy laterals. Only few of these initials 
develop into branches of unlimited growth (fig. 1 1 5 A, la)\ most give 
rise to the fertile branches (r) which are of different ages. 

The leaf-like laterals, which constitute the chief difference between 
Seirococcus and Ascophylluniy are in the latter represented by the incon- 
spicuous mounds separating the initials (cf. fig. 127 A and D); were 
these to grow out in the same way, the resemblance to Seirococcus would 
be very marked. In the latter, neither the leafy laterals, nor the small 
outgrowths between the fertile branches, possess an apical cell. 

The change from the three- to the four-sided apical cell in Fucaceae 
is evidently associated with the prevalent flattening and bilateral 
symmetry. In Cystoseiraceae and Sargassaceae, with a marked 
tendency towards radial organisation, the three-sided celP of the 
germling persists throughout life. In most of them the apical de- 
pression is a deep funnel (fig. 128 A) filled with mucilage, but in 
Halidrys siliquosa {(74) p. 21, (178) p. 46, (197) p. 356) it takes the form 
of a deep slit, perpendicular to the plane of flattening (figs. 118 E; 
127 G, d)y and this is also essentially so in Himcmthalia ((178) p. 68). 

The lateral initials are produced in the same way as in Ascophyllum. 
In Halidrys (fig. 118 E, 1-4) they arise alternately and with some 
regularity from certain segments (fig. 127 G, /), which undergo little 
division until the definitive three-sided apical cell is cut out within 
them by oblique walls. When the initials have passed out of the apical 
pit, each becomes lodged in a separate depression (fig. 1 18 E, 2, j) and 
gives rise {4) either to a long or a short branch ; when the latter has 
completed its growth, the initial divides into a group of cells and the 
apical depression disappears. Except for the differences in the early 
development (p. 338), matters are much the same in Cystoseira ((74) 
p. 52, (161), (197) p. 358, (280) p. 6), once the apical cell of the axis is 
established; in the radially branched species, however, the laterals 
are laid down on a 2/5 spiral (fig. 128 A). 

The formation of the lateral branch-systems of Sargassum com- 
mences in the usual way (fig, 128 B). In S. linifolium ((*78) p. 55) the 
apical depression becomes drawn out in the direction of the future 
branch and, when several branches arise at about the same level, it 
may appear star-shaped when seen from above. Soon after the initial 
has passed out of the apical pit, it cuts off a secondary initial (fig. 128 
B, b2) on its distal side; the depression harbouring the two initials 
assumes the form of a radial slit, and they become separated by an 
intervening mound of tissue {d). After a short time the distal initial 

^ Apart from the instances referred to below, such a cell has been recorded 
in Bifurcaria ((191) p. 105), Bifur cariopsis ((30s) p. I 47 )> Turbinaria ((15) p. 224), 
and Carpophyllum ((4O p« 286, (45) p. 133)* 
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divides more rapidly than the other and develops into the sub- 
tending “ leaf’’ (fig. 128 C, D, b2\ whilst the proximal one {bi) comes 
to lie more or less definitely in its axil. The “leaf” {b2) is clearly a 
lateral which has pushed aside the parent axis (6r). The apical cell of 
the latter soon produces further initials, which are arranged on a 2/5 
spiral and give rise to the other branches of the system, although the 
“leaf” does not form part of this spiral, in this respect behaving like 
a prophyll. It would be well if the development of the lateral branch- 
systems were studied in other species of Sargassum. 

The segments of the three-sided apical cell of Himanthalia ((178), 
(210) p. 14, (27s) p. 49) divide to form the tissue of the cup, whilst the 



Fig. 128. Apical cell and branching of Cystoseira and Sargassum, A, Cysto- 
seira sp., diagram of apex of a branching shoot, 1-3 successive initials. 
B-D, Sargassum linifolium (Turn.) Ag., diagrammatic longitudinal sections 
showing successive stages in branch-development, a, apical cell of axis; 
aXy axis ; b j, primary and b 2, secondary initial ; dy the mound of tissue inter- 
vening between hi and b2, (A after Valiante; B-D after Oltmanns.) 

receptacles represent one branch of a dichotomy. The cup can per- 
haps be compared to the main axes of a Cystoseira and the receptacles 
to the successively formed laterals. 

The four (rarely three) apical cells,, characteristic of Hormosira 
((74) p. 4), are readily recognisable in a transverse section through the 
apex (fig. 129 B, 1-4), They are separated by four thicker walls which 
are approximately perpendicular to one another and can be traced 
both in the peripheral direction and backwards into the substance of 
the thallus, where they terminate in the four bays of the central 
hollow (p. 344). The apicals are situated at the base of a shallow 
groove (fig. 129 A, a). Preparatory to branching the number of apical 
cells is increased by longitudinal division (fig. 129 G). In Notheia 
((17) p. 419, (74) p. 7) transverse sections of the apex (fig. 129 D) show 
three apical cells which project slightly (fig. 129 E); for the details of 
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branching see p. 365. Little is known of the early development of 
these two genera. 



Fig. 129. Hormosiraceae. A, B, G, Hormosira Banksii (Turn.) Decsne; 
A, longitudinal and B, G, transverse sections of apex, 1-4 in B the apical cells ; 
G shows multiplication of initials preparatory to branching. C-F, H, Notheia 
anomala Bail. & Harv.; C, early development of conceptacle in section; 
D, surface-view of apex, r-j the apical cells ; E, longitudinal section of apex ; 
F, section of young conceptacle with hairs; H, early stage in branch-forma- 
tion. a, apical cell; 6, basal cell of conceptacle; bcy basal cell of hair; hy hair; 
w, medulla; me, meristoderm. (After Gruber.) 


ANATOMICAL STRUCTURE 

Although the anatomy of the mature thallus has been examined in a 
considerable number of Fucales,^ certain details still remain obscure. 
Investigation of fresh material and of material fixed and stained by 
new methods would probably shed light on obscure points. There are 
appreciable resemblances to the Laminariales, although the Fucales 

^ See (15) p. 221, (17) p. 4 i 9 > (48) p. 10, (77), (85), (88), (89) p. 25, (178), (196), 
(197), (198) p. 96, (z79), (288), (291), (305) p. i 47 » (306) p. 54. 
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have not attained to the degree of anatomical specialisation that is 
evident in some of the former. The cells normally contain but a single 
nucleus which shows some differences in structure in the different 
families (211,279). 

As in Laminariales, the thallus is built up from two sources, viz. 
by the primary meristem (here usually an apical cell) and by the 
activity of the surface-layer of cells (meristoderm). The more definite 
character of the former renders the elucidation of its role in the forma- 
tion of the thallus easier than in Laminariales. As shown in the 
previous pages, the first medulla|*y elements arise from the inner cells 
of the embryo (fig. 125 E, m) before the establishment of an apical 
cell. Subsequently the medulla is increased by contributions from 
the inner halves of the segments of the latter (fig. 126 A, C ; also from 
the basal segments in the Fucaceae, cf. fig. 126 B), while the outer 
halves of these segments add progressively to the meristoderm {me). 
The early separation (fig. 125 F) of the medullary cells (m), as a result 
of gelatinisation of the middle lamellae ((197) p. 327) of the longitudinal 
walls, is even more marked in the elements contributed from the 
apical cell (fig. 126 A, C, m). Here and there, however, the walls 
remain thin and constitute pits (/>). Little mucilage appears to be 
formed in the medulla in Cystoseiraceae ((279) p. 42). 

Soon after the differentiation of the apical cell, the inner parts of its 
segments divide a number of times without gelatinisation of the walls, 
and thus there arises a cortex (fig. 130 B, c) of relatively large, but 
closely arranged cells ((155) p. 425, (178) p. 19). Many authorities((77)* 
p. 324, (197) p. 325, (291) pp. 503, 529) report tangential division of the 
surface-layer of cells with resulting additions to the cortex, and the 
gradual transformation of the innermost cells of the latter into medul- 
lary elements, but the degree of importance of these processes as 
compared with the contribution from the apical meristem is not clear. 
In the stipe of Durvillea there is evidently active division of the 
meristoderm ((87) p. 558). The general resemblance to the mode of 
origin of the different tissues of a Laminaria is obvious, and another 
point of similarity is that, despite the extensive gelatinisation of 
longitudinal walls, especially in the inner tissues, the transverse walls 
remain unaffected (fig. 130 C). 

The cells of the peripheral layer at first multiply by anticlinal (often 
crosswise) division. This active surface growth, as in Laminariales, 
leads to passive stretching of the inner elements which, particularly in 
the flattened parts of the thalli, tend to be dragged out of their longi- 
tudinal course so that their arrangement often becomes very irregular 
(fig. 130 A, m), nowhere more evident than in the receptacles of Fucus 
(fig. 133 F), etc. Tissue-tensions, similar to those of Laminariales, are 
reported ((119) p. 841). In rapidly lengthening structures (e.g. the 
receptacles of Himanthalia (291)) the elongation of the medullary cells 
may be accompanied by frequent horizontal division. 




Fig. 130. Anatomy of Fucales. A, B, Fucus sp., transverse sections of A, 
wing and B, midrib of adult thallus. C, Ascophyllum nodosum (L.) Le Jol., 
longitudinal section, parallel to plane of flattening. D~F, Pelvetia canaliculata 
(L.) Decsne & Thur. ; D, surface-view of thallus showing pits between the 
cells; E, transverse section of surface-layers of thallus; F, two medullary 
elements showing perforation of cross-walls. G, Cystoseira ericoides C, Ag., 
two surface cells in section. H, I, Himanthalia lorea (L.) Lyngb.; H, peri- 
pheral tissues in transverse section; I, cortical cell in longitudinal section 
showing perforated septa, c, cortex; chy chromatophore ; cUy cuticle; hy 
hyphae; iCy inner cortex; /, light-reflecting bodies; w, medulla; me, meristo- 
derm; p, pit; Sy perforated septum. (A-C after Oltmanns; D-F after Han- 
steen; G after Berthold; H, I after Wille.) 
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The surface is covered by a mucilaginous “cuticle” ((Ss) p. 77, 
(178) p. 19, (iQi) p. 106 ; fig. 130 A, B, ctt), which is sometimes thick and 
stratified, as at the apices of the fronds of Halidrys. The peripheral 
cells, especially in the younger parts, have a palisade-like shape (fig. 
130 A, C, E, me\ and the hypodermal layer may exhibit a similar 
form (291). The surface-cells are usually crowded with chromatophores 
(fig. 130 G) and abundant fucosan-vesicles, although according to 
Wille there are few chromatophores in the outermost layer of the 
mature receptacle of Himanthalia which he suggests acts as a light- 
screen. In surface-view the cells of the peripheral layer are usually 
separated by thin walls (cf. however (77) p. 321 and fig. 130 D), which 
sometimes show undulation ((77) p. 337, (iqO p. 106, (275) pi. 24, fig. 2, 
(291) p. 506) although this may be an artefact. The cells are (always ?) 
connected with the internal elements by pits (fig. 130 H,^; (77) p. 324, 
(8s) p. 78, (279) p. 41, (291)). 

As in Laminariales, the cortical cells undergo little further division 
and gradually assume an elongate form (figs. 126 C; 130 C, c); 
towards the interior the longitudinal walls usually gelatinise ((77) 
p. 327, (291) p. 503) so that there is commonly an imperceptible 
gradation to the medulla. There is evidence of the formation of cross- 
connections (cf. fig. 130 F, py by extension of the pits left in these 
longitudinal walls ((46) p. 233, (77) p. 331, (88), (178) p. 17, (197) p. 330, 
(287)), but the special mode of formation of such connections, de- 
scribed for Laminariales (p. 227), has not been observed in Fucales. 
That cross-connections develop in some quantity is shown by the 
network of medullary elements found in the wings of the thallus of a 
FucuSy for instance. The cortical cells often contain much fucosan and 
have been regarded as fulfilling a storage function, while their fre- 
quent strong thickening indicates also a mechanical role ; Henckel ((85) 
p. 78) regards the thickening as subserving water-storage in Pelvetia 
canaliculata. Simons ((245) p. 166) describes the central tissue of the 
axis of Sargassum Filipendula as consisting of narrow elongate cells, 
the inner with thin, the outer with thick walls ; in the leaves only the 
former are present. 

The extent of production of hyphae varies greatly in different Fucales. 
In Bifurcaria ((74) p. 23, (19O p. 108), Pelvetia^ and Notheia ((17) p. 419) 
they are confined to the basal parts of the thallus, while a considerable 
number of the published figures of other genera afford no evidence of 
their presence.^ Except near the attaching organs, they seem to be less 
prominently developed in Cystoseiraceae ((225) p. 145) and Sargassaceae 

^ Pennington’s statement ((186) p. 268) as to branching and anastomosis of 
the medullary cells is probably due to misapprehension of this structural 
feature. 

^ Grabendorfer (72) reports no hyphae in DurvilleUy but this is improbable 
and, judging by the figures of Herriott(87), they a^e abundantly developed, 
at least in the stipe. 
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((77) p. 337, (245) p. 1 66) than in Fucaceae. As in Laminariales, the 
hyphae usually arise from the lower ends of the cells at the periphery 
of the medulla ((178) p. 17, (179) p. 210, (197) p. 332, (291) p. 502). 

In Fucus the numerous hyphae of the midrib are produced only at a 
considerable distance behind the apex; as the midrib thickens, more 
and more develop so that, in sections of older parts (fig. 130 B), the 
original medullary cells (m) are embedded amid copious hyphae (h) 
which in the main run longitudinally. There are far fewer hyphae in the 
wings and these follow an irregular course, which adds to the confused 
picture presented by the medulla. These structures develop later in 
Halidrys ((178) p. 49) than in Fucus ^ but they become very abundant at 
the periphery of the medulla in the older parts. The Ascophyllum- 
thallus ((178) p. 41) possesses only scanty hyphae (fig. 130 C, A), although 
they are formed in considerable numbers near the slits from which the 
laterals emerge and also appear abundantly in the base of the lateral 
itself ; these hyphae penetrate into the axis and intertwine with those of 
the latter, whereby a firm attachment is secured. The hyphae in the 
receptacle of Himanthalia run prevalently in a radial direction ((291) 
P- 517)- 

Although probably similar in origin, two kinds of hyphae have to be 
distinguished, viz. those with thin and those with strongly thickened 
walls; there are numerous transitions. Those of the former type, 
which may contain chromatophores ((291) p. 514) and possibly play a 
conducting role, are widely distributed in the flattened parts (fig. 130 
C, A), while those of the latter type, which are no doubt essentially 
mechanical (Wille’s “ Verstarkungshyphen are to be met with in 
midribs (fig. 130 B, A) and other more or less cylindrical structures, 
especially in the older parts of the plant ; they also occur in the narrow 
basal part of the receptacle of Himanthalia ((291) p. 515). Where such 
strengthening hyphae are lacking, the cells of the inner cortex evi- 
dently satisfy the mechanical requirements. The mechanical system 
may thus either be located towards the periphery or occupy a more or 
less central position, the latter arrangement evidently occurring in the 
main in the more permanent organs or in parts exposed to special 
strains (base of receptacle of Himanthalia). 

Hypha-development is most marked iii the neighbourhood of the 
attaching discs, which finally consist of a mass of branching and im- 
penetrably interwoven hyphae ((77) p. 325, (178) p. 19, (197) p. 343)- 
The discs of young plants (fig. 13 1 C) are formed partly by the out- 
growth of peripheral cells and partly by the development, from the 
internal cells of the stalk of the embryo, of hyphae which penetrate 
to the outside. Further hyphae continually grow over the surface and 
extend the area of the disc, whilst increase in thickness is brought 
about by the production of new hyphae in the interior. The stalk of 
Fucus also gradually becomes overgrown with a layer of hyphae, but 
its marked thickness in older plants, as also that of the axes of 
Cystoseira for example, is only in part due to this superficial felt and 
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to the internal production of hyphae. In the older regions there is 
marked secondary meristematic activity on the part of one or more 
layers of the cortex ((178) p. 22, (186) p. 270, (197) p. 334), the original 
surface-layer dying and being gradually shed. There is at present no 
information whether such secondary activity occurs al^o in other 
genera. 

Sieve-like perforations traversed by cytoplasmic connections have 
been recorded in the pit-membranes, on the thin horizontal walls of 
the cortical and medullary cells (fig. 130 F), as well as on the septa 
of their cross-connections and of the conducting hyphae, by Wille 
((287), (291) pp. 501, 505) and others ((15) p. 221, (49) p. 334, (77) pp. 328, 
341, (8s) p. 78). Other investigators have failed to find such perfora- 
tions, although the contracted protoplasts commonly show a tendency 
to adhere to the pit-membranes ((191) p. 107). Callus is rarely reported 
((46) p. 233, (305) p. 147). Certain workers ((49) p. 334, (88) p. 100, (155) 
p. 425) have described continuity of the cytoplasm through large 
openings in the walls of the medullary and cortical cells, but 
this requires verification. According to Hansteen ((77) p. 341) the 
medullary cells in Sargassum show scalariform thickenings on their 
walls. 

The air-bladders originate not far from the apex as a result of surface 
growth, accompanied by increase in thickness of the cortex ; this leads 
to rupture of the medulla, remnants of which are commonly found 
around the edge of the central hollow ((34), (48) p. 12, (106) p. 93, (179) 
p. 212, (197) p. 335, (204) p. 137, (280) p. 9). In Fucus vesiculosus and 
Ascophyllum (289) the inner surface of the bladder is occupied by a felt 
of short unbranched threads containing chromatophores, while in 
Cystoseira the cavity is traversed by one or more longitudinal strands 
of medullary tissue. In Cystoseira and in other Fucales the walls of the 
vesicles show varying degrees of tissue-tension ((119) p. 827), while they 
are stated ((38) p. 205) to be thicker in individuals of Ascophyllum 
nodosum growing in deeper water. The diaphragms in Halidrys ((179) 
p. 212, (289)) consist of isodiametric cells and are connected by longi- 
tudinal strands of fibre-like cells apposed to the wall of the bladder. 
Structures simulating air-bladders, found occasionally on the fronds of 
certain species of Fucus ^ have been studied by Richard ((204) p. 140). 

It has been stated that there is no carbon dioxide within the bladders 
((135), (137), (289) p. 9), but according to Colla ((34) p. 183) they contain 
the same gases as the atmosphere, carbon dioxide being at a maximum 
and oxygen at a minimum during the night. Those of Ascophyllum 
nodosum are stated to contain a higher proportion of oxygen ((38) p. 201), 
the amount varying seasonally, as well as from day to day. Wille (cf. 
also (290) p. 534) and Colla believe that the bladders have a respiratory 
significance and that the oxygen is that formed in photosynthesis, while 
others see in them merely a mechanism for decreasing specific gravity 
((106) p. 88, (107) p. 33, (204) p. 143). 
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WOUND-HEALING AND ADVENTITIOUS SHOOTS 

The surfaces exposed as a result of the wearing away of the wings of 
Fucus become covered with a secondary cortex, the formation of 
which commences at the edge of the wound. On the other hand, 
when the inner tissues are laid bare by the breaking off or devouring 
of part of a branch, as happens especially in the Fucales of the littoral 
zone, the exposed medullary cells alone participate in the healing of 
the wound. The outermost divide actively by radial and tangential 
longitudinal walls (fig. 13 1 A) to produce a new layer that in certain 
respects Recalls the callus of higher plants ((120) p. 154, (148) p. 15, (178) 
p. 73, (276) p. 576, (280)). At first this layer of dividing medullary cells 



Fig. 1 3 1. Pelvetia canaliculata (L.) Decsne & Thur. (after Oltmanns). 
A, early stage in healing of a wounded surface in section; B, later stage of 
same, formation of adventitious growths (a) ; C, longitudinal section through 
base of a young plant, h, hypha; w, meristoderm. 

is discontinuous, consisting of small mounds separated by undivided 
cells (fig. 13 1 A), and in Pelvetia ((178) p. 74) complete closure never 
seems to result. In Fucus vesiculosusy however, medullary cells below 
the wound also become active and, pushing between the surface-cells, 
divide like the latter so that the surface becomes completely covered. 
Wounding is nearly always followed by the formation of adventitious 
branches (cf. also (89) p. 24) which are often produced in some numbers 
from the small mounds formed by the medullary cells (fig. 13 1 B, a), 
a phenomenon which is particularly conspicuous in Fucus vesiculosus 
and Pelvetia canaliculata. 

In F, vesiculosus (cf. also (197) pp. 322, 340, (228) p. 36) the formation 
of adventitious growths is mostly confined to regions containing hyphae 
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(basal disc, stalk, midrib), although, except in the basal disc, these do 
not actively co-operate in their development. The shoots arising from 
the basal disc are formed by division of internal hyphal cells dis- 
tinguished by denser cytoplasm, and the product breaks through the 
overlying tissue so that the development is endogenous. Numerous 
adventitious shoots commonly originate on the stalk from the regions 
where the wings have worn away. These diverse growths altogether 
resemble the young germlings, but few show any considerable develop- 
ment. They are not so common in F. serratusy but are frequently seen in 
Pelvetiay although here apparently not formed on the attaching organ. 
The adventitious shoots of Cystoseira (p. 338) have already been 
noticed. Herriott ((87) p. 562) records them on all parts of the stipe and 
frond of Durvilleay where they apparently develop endogenously. 

Tobler (276) states that the bladders of Ascophyllum frequently contain 
Mytilidae (and Turbellarians) which enter as larvae through holes 
caused by Crustaceans. The interior of such bladders is lined by a 
compact cortex produced by division of the cells on the outside of the 
threads occupying the inner surface of the normal vesicle (cf. p. 360). 


DEVELOPMENT OF THE CONCEPTACLES 

The differentiation of conceptacles commences within the apical de- 
pression in the immediate vicinity of the apical cell, although they are 
carried out of the depression before development is complete. 
Bower (27) first showed that each conceptacle originates from a single 
initial cell; further details were elucidated by 01tmanns(i78) and 
especially by Nienburg(i63) to whom our present knowledge is largely 
due. Only a limited number of species have so far been studied. The 
considerable variations in the details of development fall into line with 
the classification of Fucales here adopted. Sterile and fertile con- 
ceptacles show the same early development ((245) p. 172). 

The conceptacle nearly always originates from a superficial cell, 
which is distinguished by its larger size and a slower rate of division. 
In Cystoseira ((163) p. 3, (280) p. ii), Sargassum ((245) p. 169, (269), (316)) 
and Carpophyllum ((41) p. 289, (4S) p. 133) the initial is flask-shaped 
and provided with a large nucleus (fig. 132 A). This divides unequally 
(fig. 132 B) and the products become separated by a markedly curved 
septum (fig. 132 C); the characteristically shaped upper cell (/) may 
with Simons be styled the tongue-cell. The lower cell (basal celly h) 
then segments by two perpendicular walls (fig. 132 D). Meanwhile 
division of the surrounding cells leads to a gradual sinking of the 
products of the initial (fig. 132 E, F) and to separation of the tongue- 
cell (t) from the adjoining tissue. In Sargassum (fig. 132 G) and 
Carpophyllum the tongue-cell merely elongates or sometimes divides 
to form a row of a few cells ((41) p. 289, (24s) p. 169), whilst in Cysto- 
seira (fig. 132 F) it develops into a multicellular hair with a basal 
meristem. The inner lining of the conceptacle is almost entirely 
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formed by vertical division of the lower cell (h) of the rudiment, which 
results in a gradual widening of the cavity; only the uppermost part 
is produced from the adjacent segments. Development of the con- 
ceptacles takes place in essentially the same way in Halidrys ((49), (163) 
p. 10, (178) p. 79). 

In Fucus (u?) p. 38, (163) p. 7)1 and its allies the initial (fig. 132 H, i) 
soon becomes lodged at the base of a deep and narrow cavity owing 
to rapid growth and division of the surrounding cells. The septum 
between tongue and basal cells is straight (fig. 132 I) and, after seg- 
mentation of the latter by vertical walls, the resulting cells divide 
transversely to form two layers (fig. 132 J, b) \ by this time the rudi- 
ment is already deeply sunk. The further division of the products of 
the basal cell provides only the tissue occupying the floor of the con- 
ceptacle, the greater part of the lining being derived from the ad- 
jacent cells. The tongue-cell commonly exhibits no further develop- 
ment and sooner or later collapses, but in F. spiralis ((27) p. 44) it 
sometimes divides to form a hair. Heine ((83) p. 565) records much 
the same series of events in Xiphophora. 

A somewhat different development is found in Pelvetia fastigiata"^ 
((15s) p. 426, (163) p. 16), for here the initial first segments longi- 
tudinally (fig. 132 P) and this is followed by transverse division of the 
resulting cells. The two basal cells thus produced segment rather 
irregularly to form the floor of the conceptacle, although the greater 
part of the wall again arises from the adjacent cells (fig. 132 S); the 
two upper cells {t) develop into short hairs. ^ According to Nienburg 
the first division is not always vertical (cf. fig. 132 R), and this 
irregular segmentation is the rule in Ascophyllum ((163) p. 19, (178) 
p. 78) where, despite occasional vertical division, the initial usually 
gives rise to a mound of cells occupying the floor of the conceptacle ; 
in other respects, however, the development is like that of other 
Fucaceae. 

The rather scanty data indicate that, in Cystoseiraceae and Sar- 
gassaceae, a considerable part of the wall of the conceptacle is formed 
from the basal segment of the initial cell, whilst in Fucaceae this gives 
rise only to the floor. The characteristic tongue-cell, with its rather 
marked degree of persistence, is moreover found only in the former, 
i.e. in the forms with a three-sided apical cell. An intermediate type 
is furnished by Bifurcaria ((163) p. 16, (191) p. no), where the tongue- 
cell soon collapses and a relatively large part of the conceptacle-wall 

^ Roe’s (207) data on the development of the conceptacle of Fucus do not 
agree with any other observations and, until support from other sources is 
forthcoming, must be regarded as erroneous (cf. Nienburg, in Zeitschr. Bot. 
9, p. 61 1 and (166) p. 184). 

® According to Nienburg the statements of Holtz ((89) p, 33) on the develop- 
ment of conceptacles in this species are incorrect. 

^ A rather similar development is described by Barton ((15) p. 223) for 
Turbinaria. 
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Fig. 132. Development of conceptacles. A-F, Q, Cystoseira barbata (Turn.) 
Ag.; A-F, sections of successive stages in formation of a conceptacle; Q, sec- 
tion of A in a plane at right angles. G, Sargassum Filipendula Ag., young 
conceptacle in section. H-J, Fucus serratus L., stages in formation of a con- 
ceptacle. K-N, Himanthalia lorea (L.) Lyngb. ; K, section of apical depres- 
sion of receptacle showing hair-formation; L, M, N, stages in conceptacle- 
development from basal cell of hair. O, P, R, S, Pelvetia fastigiata (J. Ag.) 
De Toni; O, P, S, successive stages in formation of a conceptacle; R, unusual 
early stage, b, basal cells and their products (shaded throughout); h, hair; i, 
conceptacle-initial; meristem; tongue-cell. (G after Simons; the rest 
after Nienburg.) 
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is formed by the adjacent cells. In both respects there is resemblance 
to Fucus serratus. 

In Himanthalia ((27) p. 45, (163) p. 12, (178) p. 80) the surface-cells 
within the depression at the summit of the receptacle soon grow out 
into hairs with a basal meristem (fig. 132 K, h). As this adds to the 
hair, the tip of the latter progressively disorganises (fig. 132 L, A) and, 
when the hair has been carried out of the depression, only the sunken 
basal cell {h) still persists. Certain of these basal cells function as 
conceptacular initials, dividing first by a vertical (fig. 132 K, L) and 
then by transverse walls. The central cells thus produced do not grow 
as actively as the marginal ones, which results in the formation of the 
cavity of the conceptacle, the entire lining of which arises from the 
products of the initial cell (fig. 132 N). The conceptacles of 
Bifurcariopsis ((305) p. 149) perhaps develop in much the same way. 

The development of the conceptacle of Himanthalia shows that the 
tongue-cells of Cystoseiraceae and Sargassaceae, which are no doubt 
homologous with the upper cell of the rudiment in the Fucaceae, 
represent vestigial hairs which are suppressed to a varying degree. 
This means that the conceptacles take their origin to a more or less 
appreciable extent from the basal cell of a hair, and it is profitable in 
this connection to recall the perfectly similar derivation of the apical 
cell in the young embryo of Fucus (p. 349). The initial cells of the 
conceptacles may, in fact, be regarded as the equivalents of branch- 
initials which, like the latter, become lodged in a depression (the con- 
ceptacle), although diverted to a special purpose (cf. also (250) p. 778). 

From this point of view the development of the conceptacle of 
Notheia ((17) p. 419; (74) p. 7) is of special interest. After transverse 
division of the initial (fig. 129 C) the upper cell develops into a hair 
{h)^ while the basal cell {b) gradually separates from the adjoining 
ones, its products apparently forming a large part of the lining of the 
conceptacle. As the latter enlarges, further hairs arise from the wall 
and form a projecting tuft (fig. 129 F). Later the upper parts of the 
hairs are shed, although their basal cells {bc)^ which have rich cyto- 
plasmic contents, persist. There is some uncertainty as to the exact 
mode of development of the laterals (fig. 129 H, a) which arise from 
the conceptacles (fig. 124 E, 1 ) ; Gruber believed that they were formed 
from the basal cells of the hairs (cf. however (17) p. 420). Several 
laterals may develop, although only one lengthens into a branch. 
A similar development of (adventitious) branches from cryptoblasts 
has been recorded in a salt-marsh form of Fucus ceranoides ((250) 

P- 775 )- 

The association of reproductive organs with groups of hairs is 
frequent in the more specialised Phaeophyceae, In the Encoeliaceae 
(p. 109) these hairs commonly occupy the base of a depression, and it 
has been suggested ((179) p. 216) that this may show the mode of origin 
of the conceptacles of Fucales. The resemblance is, however, remote, 
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and the little that is known as to the origin of these structures in 
Encoeliaceae implies an altogether different mode of development. 
In view of the probable absorptive functions of the hairs, their fre- 
quent association with reproductive organs requiring a localised food- 
supply may be but the outcome of a physiological need. On the other 
hand, the presence in young plants of many Brown Algae of an apical 
hair, at the base of which lies the meristem or at the base of which it 
subsequently develops (cf. (169) p. 60), shows that in Phaeophyceae 
a hair frequently precedes or is associated with meristematic activity, 
and this leads to the same conclusion as that arrived at above, viz. that 
the conceptacle is to be regarded as an arrested and specially modified 
branch or branch-system. 

THE STRUCTURE OF THE MATURE 
CONCEPTACLES 

All Fucales produce their sex organs within conceptacles and in many 
{Peboetia canaliculata, Ascophyllum^ HalidrySy BifurcanUy Himanthalia) 
fertile conceptacles are alone present. In Fucus, Sargassuniy Tur- 
binanUy and others, cryptoblasts also occur scattered over the thallus. 
In Sargassutn Filipendula ((24s) p. 163) and various species of Cystoseira 
((218), (225) p. 15 1) they even occur on the receptacles among the fertile 
conceptacles. 

The lining of the conceptacles consists of a number of layers of 
flat cells (fig, 133 F, w), formed by tangential division of the primary 
cells and containing plentiful chromatophores. This wall separates the 
cavity from the loose medullary tissue. In the cryptoblasts the middle 
of the floor is occupied by an often extensive group of colourless 
unbranched hairs (fig. 133 A, /r) with a basal meristem (w), similar to 
those found in other Phaeophyceae; they project in a tuft from the 
aperture, and in older cryptoblasts only the basal portions usually 
persist. Intermingled with them, and appearing in increasing num- 
bers in later stages, are other shorter^ pigmented hairs with diffuse 
growth ; at first one-celled and more or less clavate (fig. 133 G, />), they 
later become multicellular and produce more or less numerous, 
usually unicellular branches. Their cells have dense granular contents 
and numerous small chromatophores. According to Nordhausen 
((171) p. 291) they are largely responsible for producing the mucilage 
that fills the conceptacles. 

The development of cryptoblasts is to some extent influenced by 
habitat conditions. They are specially abundant in those species of 
Fucus which are capable of withstanding prolonged drought and are 
particularly prominent in the salt-marsh forms of F. vesiculosus, where 
they tend to occupy a marginal position ((14) p. 367; fig. 138 C). 

These have been specially studied in species of Fucus (171), but are no 
doubt of wide distribution. 



Fig* 133 * Structure of conceptacles. A, Sargassum Filipendula Ag., section 
of a young cryptoblast. B, D, Fucus serratus L., sections of male and female 
receptacles respectively. C, Sargassum linifolium (Turn.) Ag., section of a 
young female conceptacle. E, Notheia anomala Bail. & Harv., young plant 
arising from conceptacle of Hormosira. F, Fucus spiralis L., section of a 
mature conceptacle. G, H, F. vesiculosus L., conceptacular hairs and para- 
physes, G from a cryptoblast, H from a fertile conceptacle. /i, hair; m, meri- 
stem; o, oogonium; />, />«, paraphyses; w, wall of conceptacle. (A after 
Simons; B, D, F after Thuret; C after Nienburg; E after Gruber; G, H after 
Nordhausen.) 
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According to Gardner ((66) p. 9) F.furcatus is distinguished by having 
altogether closed cryptoblasts (caecostomata) devoid of hairs. The con- 
cep tacles of Cystophyllum sisymbrioides ((264) p. 6) are likewise without 
an aperture, the long hairs pushing their way through the superficial 
layer. In certain Cystoseiras (e.g.. C. Myrica) the narrow cryptoblasts 
occur singly within small spinous branchlets, occupying their entire 
length ((218), (22s) p. 152). Henckel (84) describes a Cystoseira lacking 
cryptoblasts and with hairs arising directly from the surface. 

In the fertile conceptacles of Fucus ((17O p. 292), and probably also 
of other genera (cf. (iss) p. 428, (291) p. 509), the colourless hairs are 
restricted to a small area near the aperture, from which they project 
markedly in F. spiralis (fig. 133 F, h). The greater part of the wall 
bears branched hairs {paraphyses^ fig. 133 cf. also (87) p. 558, 

(251) p. 34), in which the septa are often oblique and the component 
cells barrel-shaped with scanty chromatophores. In the male con- 
ceptacles these structures bear the antheridia (fig. 136 A) and are 
usually much more richly branched than in the female conceptacles, 
where indeed they sometimes remain unbranched (fig. 133 H). 
Between the paraphyses and the colourless hairs are others with 
abundant chromatophores, which correspond to the branched hairs 
of the cryptoblasts and exhibit transitions toihe paraphyses (fig. 133 
H, p). In Himanthalia ((291) p. 508) structures of the third type are 
not recorded. Only the hairs near the aperture take up stains readily. 

The apparent identity in the early development of cryptoblasts and 
fertile conceptacles, quite apart from other similarities indicated by 
the above data, implies that the two are homologous. In Sargassum 
antheridia in various stages of abortion have been found in the 
cryptoblasts ((24s) p. 173). The young conceptacles of Notheia possess 
the basal tuft of hairs characteristic of a cryptoblast (fig. 129 F), 
although these later disappear ((17) p. 420). In various species of 
Cystoseira (C. abrotanifolia^ C. foeniculacea), also, long hairs re- 
sembling those of a cryptoblast occupy the centre of the fertile con- 
ceptacles ((218), (225) p. 1 51), the sex organs arising between them and 
the aperture. It may, therefore, be concluded that in forms possessing 
cryptoblasts the whole thallus once bore fertile conceptacles and that 
the present-day relegation of the latter to special receptacles is a 
secondary feature ((245) p. 174).^ The Australasian Myriodesma ((6) 
p. 90), with a habit altogether like that of Fucus (cf. (82) pi. 24), in fact 
bears fertile conceptacles over the whole thallus. 

SEXUAL REPRODUCTION 

The distribution of sex organs varies considerably in different genera 
and even in one and the same species ((no) p. 189). Several are di- 
oecious (many species of Fucus and Sargassum ; Ascophyllum ; Himan- 

^ Oltmanns ((178) p. 32), on the other hand, inclines to the belief that the 
fertile conceptacles are cryptoblasts which have become fertile. 
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thalia \ Halidrys dioica \ Coccophora (252,266) ; Hormosira ; Diirvillea ((87) 
p. 558), although the monoecious condition is perhaps the more usual. 
In many monoecious Fucales {Pelvetia^ Halidrys siliquosUy Bifur caria 
tuberculatay Bifur cariopsisy Carpoglossuniy Platylobium (74)) the two 
sexes are found in the same conceptacle, but in others (species of 
SargassurriyPhyllosporay SeirococcuSy Scytothalia) they occur in distinct 
conceptacles although on the same receptacle. 

In the Cystoseiras above referred to, in which the conceptacles possess 
a basal tuft of hairs, the same receptacle harbours male, female, and 
hermaphrodite conceptacles ((225) p. 157). A similar condition occurs in 
some species of Sargassum ((7s) p. 330), although many (e.g. S. Horneri) 
are dioecious. In this genus differences are sometimes apparent be- 
tween the plants of the two sexes or more commonly between the two 
types of receptacles, the male being smooth, the female spinous, etc. ; 
in S. Horneri ((117) p. 384) the male receptacles are longer and more 
slender. Differences between male and female plants are also recorded 
in Halidrys dioica (49). A few Fucales vary between monoecism and 
dioecism ((43) p. 250; see also p. 326). 

In hermaphrodite conceptacles the oogonia and antheridial hairs are 
generally intermingled, but in Bifur caria tuber culata and in many 
species of Cystoseira ((48) p. 14, (156) p. 129, (225) p. 156, (280) p. 12) the 
oogonia occupy the base and the antheridial hairs the sides of the con- 
ceptacles; in the former the oogonia develop later than the antheridia 
so that the young conceptacle appears to be male ((191) p. 109). 

In Cystoseira Montagnei and C. opuntioides Sauvageau ((224), (225) 
p. 154) records two periods of fertility, conceptacles first appearing on 
the young branches and later, after these have grown to their full 
length, in terminal receptacles. 

The oogonia ((178) p. 84, (275)) are nearly always borne directly on 
the wall of the conceptacle (fig. 133 D, F) and are usually provided 
with a definite stalk-cell which is either embedded in the wall 
(Cystoseiray (162) p. 168) or more usually stands above it (fig. 134 A, 
B, ^); a stalk-cell is lacking in Pelvetia canaliculata. In Sargassum 
(fig. 133 C) and Carpophyllum the oogonia {o) are themselves to a 
large extent embedded ((117) p. 388, (162) p. 173). A different arrange- 
ment obtains in Durvillea (fig. 134 H, I), where the female organs are 
usually borne on branched hairs (286), although sometimes also arising 
directly from the wall ((87) p. 558). The occurrence on hairs is of 
interest, since it furnishes a parallel to the usual arrangement of the 
antheridia in Fucales. 

The young oogonium, after the formation of the stalk-cell, is uni- 
nucleate, devoid of vacuoles (201), and commonly contains plentiful 
oil-drops ((19) p. 97). During its maturation there are probably always 
three successive nuclear divisions.^ The first two (fig. 134 K) follow 

^ The contrary statement of Simons ((245) p. 176) for Sargassum Filipendula 
is corrected by Nienburg ((162) p. i68). 
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rapidly upon one another and, at their conclusion, the four nuclei 
show a tetrahedral grouping ; after this, there is normally a period of 
rest before the third division takes place ((53) p. 626, (255) p. 355)- 
Strasburger, as well as Farmer and Williams, proved that reduction 
in chromosome-number occurs during the first nuclear divisions, while 
YamanouchiUgS) subsequently showed, both for the oogonium (fig. 
137 E) and antheridium (fig. 136 O) of Fucus^ that these divisions are 
meiotic; this has since been established also in diverse other genera 
((95) p. 1 5, (116), (162), (172), (244), (267), (270)). Centrosomes (fig. 137 E, c) 
have usually been observed during the nuclear divisions in the oogonia 
and antheridia. 

It is only in Fucus and Notheia ((17) p. 422, (150), (293) p. 638) that 
the cytoplasm undergoes cleavage into eight parts and that all the 
eight nuclei are used in the production of ova (fig. 134 B), which in 
Fucus exhibit some diversity in arrangement ((275) p. 30). In the 
remaining Fucales only some of the nuclei are employed in the 
organisation of ova, the supernumerary ones being extruded, some- 
times together with a small quantity of cytoplasm. In Ascophyllum 
(fig. 134 O, P), Xiphophora (16, 306), Bifurcariopsis ((191) p. 113, (305) 
p. 152), Hormosira ((74) p. 3), and Durvillea there are four, in Pelvetia 
(fig. 134, L) two, and in all other Fucales only one functional ovum. 
It is clear, however, that the number of ova is not altogether rigid and 
diverse variants have been reported ((156) p. 141). In Phyllospora the 
single ovum is so large as to be visible to the naked eye ((293) p. 641). 

In the mature oogonia of Fucus Xisz) p. 628, (274) p. 201), Xipho^ 
phora{3ob) and Hormosira (( 69 ) p. 270) the ova are separated by delicate 
septa (fig. 134 B), connected with the innermost layer of the oogonium- 
wall, although neither Oltmanns ((178) p. 84) nor Yamanouchi men- 
tion this feature. The presence of such septa would imply that the 
oogonium is plurilocular in nature. The two ova of Pelvetia canali- 
culata are separated by a thick gelatinous septum (fig. 134 L), although 
this is not so in P.fastigiatUyVfYvtvt the ova show a collateral or oblique 
arrangement (( 64 ) p. 130, (155) p. 428; cf. also (95) p. 12). 

The production of four or eight ova is largely confined to the less 
specialised members of Fucales, and an oogonium producing eight 
female cells no doubt represents the primitive condition. It is of 
interest that the aberrant genera Notheia and Hormosira exhibit 
relatively primitive features in this respect. The supernumerary 
nuclei, representing aborted ova (fig. 134 J, L, O, w), sometimes show 
a considerable degree of persistence. In Cystoseira ((219), (225) p. 165) 
they may attract spermatozoids (fig. 134 M), and actual fusion be- 
tween a spermatozoid and one of these nuclei has been observed, 
although the fate of the product could not be followed. 

The unused nuclei take up diverse positions. In Pelvetia (fig. 134 
L, n) they lie in the equatorial region between the two ova, while in 
Ascophyllum (( 178 ) p. 86) they form a central group (fig. 134 O, n). Those 



Fig. 134. Oogonia of Fucales. A-E, Fucus vesiculosus L. ; A, B, stages in 
development ; C, liberation of packet of ova ; D, liberation of ova from same ; 

E, earlier stage of the latter. F, G, F. vesiculosus L., structure of oogonial 
wall. H, Durvillea potatorum (Labill.) Kiitz., oogonial hair. I, D. antarctica 
(Cham.) Hariot, the same, with dehisced oogonia. J, Hesperophycus 
Harvey anus (Decsne) Setch. & Gardn., mature oogonium. K, L, Pelvetia 
canaliculata (L.) Decsne & Thur. ; K, young oogonium; L, the two ova with 
their envelopes. M, Cystoseira foeniculacea Grev., mature ovum with its 
envelope, at time of fertilisation. N, Himanthalia lorea (L.) Lyngb., extrusion 
of ovum. O, P, Ascophyllum nodosum (L.) Le JoL, mature oogonia. e/i, endo- 
chite; eXy exochite; g, mucilage; m, mesochite; w, extruded nuclei; o, 
oogonium; ov, ovum; Sy stalk of oogonium; spy spermatozoid ; ty septum be- 
tween stalk and oogonium; Wy wall of oogonium. (A-E, L after Thuret; 

F, G after Farmer & Williams; H after Whitting; I after Skottsberg; J after 
Gardner; K, N-P after Oltmanns; M after Sauvageau.) 
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of Cystoseira ((225) p. 163) float in the colourless liquid that occupies the 
space between the female cell and the oogonium-wall (fig. 134 M, n). In 
Sargassum((z)y (117) p. 39i> (264) p. 8, (265) p. 144, (z?©), (304)) and apparently 
also in Carpophyllum ((41) p. 298) the ova contain eight peripheral nuclei 
at the time of discharge, seven undergoing disintegration during 
fertilisation; much the same is true of Coccophora ((267) p, 555). The 
single functional nucleus in Hesperophycus and Pelvetiopsis (64) under- 
goes considerable enlargenient, while the remaining seven are cut off 
at the base of the oogonium, together with a small amount of cytoplasm 
(fig. 134 J, w), which is liberated together with the ovum; the further 
fate of this cytoplasmic mass is not known. 

Application of pressure or subjection to higher temperatures may 
cause a number of the ova of Fucus to fuse ; the resulting multinucleate 
eggs are apparently capable of fertilisation and sometimes develop into 
(polyploid ?) germlings ((39), (282) p. 300). By addition of potassium 
chloride to the sea-water, Tahara ((265) p. 145) caused persistence of all 
eight nuclei in Sargassum. If such ova are replaced in normal sea- 
water, all the nuclei are utilised in segmentation, though some of the 
germlings are abnormal. 

The septum (fig. 134 G, t) between stalk and oogonium remains 
thin, but the rest of the wall of the latter thickens and becomes dif- 
ferentiated into several layers of which there are usually three ((53) 
p, 628). Of these (fig. 134 F, G) the innermost (endochite, en) and 
outermost (expchite, ex) are thin, whilst the intervening one (meso- 
chite, m) is thick and separated from the exochite by a space (g). When 
the oogonium of Fucus is mature, the exochite ruptures and the 
contents, still enveloped by the two inner layers, are set free (fig. 134 
C). The packets of ova are extruded from the aperture of the con- 
ceptacle in a quantity of mucilage ; five layers are now stated to be 
distinguishable ((202) ; cf. also (306)). In the sea the inner part of the 
mesochite gelatinises and, as it swells, it ruptures apically and, slipping 
backwards (fig. 134 E, m\ exposes the ova within the endochite ((274> 
p. 201); rapid solution of the latter and of the intervening septa leads 
to the liberation of the naked female cells (fig. 134 D). The ovum of 
Himanthalia ((70) p. 17) escapes through a small lateral rupture in the 
enveloping membranes (fig. 134 N). 

In diverse Fucales the ova remain enclosed in part of the oogonial 
wall for a more or less prolonged period. A familiar example is fur- 
nished by Pehetia canaliculata ((274) p. 208), where the two inner 
layers persist around the eggs until relatively late stages of embryo- 
development. The mesochite (fig. 134 L, m) is here very thick and 
mucilaginous ((27s) p. 46), consisting of an outer structureless layer 
and an inner stratified one interrupted at the equator; in this region 
the mucilage seems to be specially soft so as to allow of the penetra- 
tion of the sperms. The thick persistent envelopes are generally 
regarded as an adaptation to the extreme exposure to which this 
species of Pelvetia is subjected. Among the more specialised Fucales 
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the liberated ovum often remains enclosed in the mucilaginous 
oogonial membranes, which form a kind of stalk adhering to the 
receptacle (fig. 135 A-C); the female cell is thus retained during 
fertilisation and the early stages of embryology. 

In certain Cystoseiras the ova are liberated in a naked condition and 
are discharged successively and with considerable force from the con- 



Fig. 135. A, E-G, Bifurcaria hrassiciformis (Stackh.) Kiitz. (after Delf); 
A, receptacle with extruded ova ; E-G, stages in development of mucilaginous 
stalk of oogonium. B-D, Sargassum Horneri (Turn.) Ag., successive stages 
of extrusion of ova (after Tahara). eXy exochite; m, mesochite; 0, ovum. 

ceptacle ((225) p. 159); the receptacles commonly mature from below 
upwards. In others (e.g. C. abrotanifoliay C . foeniculacea (156) p. 135, (225) 
p. 161, (301) p. 319) the ova remain enclosed in the meso- and endochite 
and the former swells to form a long tube by means of which the ova 
are held on the outer surface of the receptacle. The same appears to 
occur in Coccophora ((266) p. 729). The oogonia of Cystophyllum sisytn- 
brioideSf and perhaps also of other species of the genus, are caught in the 
tangle formed by the projecting mucilaginous hairs of the conceptacle 
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((264) p. 6). In several of the investigated species of Sargassum ((43), (*i6), 
(162) p. 174, (22s) p. 167) and Cystophyllum (264), as well as in Bifurcaria 
hrassiciformis (42,43), the extruded oogonia remain for some days firmly 
attached to the inside of the conceptacle by means of long gelatinous 
stalks (fig. 135 A-D) which, in Sargassum Horneri ((117) p. 390, (304)) 
and Bifurcaria, are formed by the thickened apex of the oogonial wall 
(of the mesochite ?, fig. 135 E, F). The lengthening distal end of the 
latter curves back (fig. 135 G) and becomes fixed to the inside of the 
conceptacle so that, as the stalk straightens, the oogonium is pushed out 
of the aperture in an inverted position. Much the same is reported for 
Carpophyllum ((4S) p. 135). In Marginariella (44,47) the swelling meso- 
chite forms a long tube, through which the contents of the oogonium 
pass before the three nuclear divisions occur and to the distal end of 
which the ovum remains attached. In Bifurcariopsis ((305) p. 152) the 
four ova are extruded separately on mucilage stalks formed from the 
mesochite. 

The antheridia usually occur in large numbers (fig. 136 A, a) on the 
richly branched paraphyses of the male conceptacles (p. 368), very 
commonly occupying more especially the lower branches. A study of 
the development of these hairs, however, shows that the male organs 
actually occupy much the same position as the oogonia. The first 
antheridium arises from a cell of the wall ((27) p. 49, (298) p. 176), the 
resulting papilla later dividing into a stalk-cell (fig. 136 H, st) and the 
antheridium proper (a). The former usually produces a branch, which 
pushes the antheridium to one side and itself gives rise to a second 
antheridium. Since this series of events is generally repeated in- 
definitely, richly branched paraphyses like those of Fucus or Pelvetia 
result (fig. 136 A). In the final stages a number of sterile branches are 
produced. 

Such richly branched structures are not, however, formed in all 
Fucales. Thus, in Pelvetia fastigiata ((89) p. 40, (155) p. 430) and 
Notheia ((17) p. 421) the antheridia usually arise directly from the wall 
of the conceptacle (fig. 136 H, I), and this is sometimes also so in 
Cystoseira ((156) p. 130, (301) p. 317), Phyllospora ((293) p. 641) and 
Durvillea ((87) p. 560); in Turbinaria ((15) p. 225), too, the hairs are 
stated rarely to bear more than two or three antheridia. 

The antheridial initial of Fucus has a large nucleus with a prominent 
nucleolus (fig. 136 M), a number of yellow-green chromatophores, and 
alveolar cytoplasm ((76) p. 138, (122) p. 195). The first nuclear divisions 
(fig. 136 N, O), bringing about reduction ((0, (116), (298) p. 177), are 
succeeded by four further simultaneous mitoses, accompanied by 
multiplication of chromatophores which, however, no longer contain 
any pigment at the 8-nucleate stage (fig. 136 D). When 32 nuclei have 
been formed (fig. 136 E), the cytoplasm becomes divided ((122) p. 198, 
(155) p. 430, (206), (298) p. 179) by finely granular lamellae (/), similar to 
those observed in the maturing unilocular sporangia of Ectocarpales 



Fig. 136. Antheridia and antheridial development. A, B, Fucus vesiculosus L. ; 
A, antheridial hair; B, liberation of spermatozoids. C, J, K, L, F. spiralis L., 
structure of spermatozoids, C an older figure, not altogether correct. 
D-G, F. serratus L., antheridial development; D, 8-nucleate stage; E, 32- 
nucleate stage, delimitation of cytoplasmic units; F, G, differentiation of 
spermatozoids. H, Pelvetia fastigiata (J. Ag.) De Toni, antheridium (a) on 
floor of conceptacle. I, Notheia anomala Bail. & Harv., antheridium. M-O, 
Fucus vesiculosus L.; M, young antheridium with resting nucleus; N, early 
and O, late stage of synezesis. a, antheridium; 6, blepharoplast ; /, cytoplasmic 
lamella; n, nucleus; nt/, nucleolus; p, chromatophore ; pi, plastomere; 
s, stigma ; st, stalk-cell of antheridium. (A, B after Thuret ; H after Moore ; 
I after Barton; M-O after Yamanouchi; the rest after Kylin.) 



FUCALES 


376 

(p. 1 17). The last nuclear division results in the formation of 64 male 
cells (fig. 136 F; (19) p. 94, (274) p. 203). At this stage, according to 
Kylin ((122) p. 196), the somewhat enlarged chromatophores (/>), of 
which there is ordinarily one to each nucleus, again develop an 
orange-yellow or yellow pigment, which is stated (206) to appear on 
one side of the plastid. Numerous fucosan-vesicles and oil-drops are 
present. 

In the Fucaceae, and probably also in certain other Fucales ((76) 
p. 142, (275) p. 27), the wall of the mature antheridium is two-layered. 
The male cells, still enclosed in the inner layer, are extruded from the 
opening of the conceptacle as oblong packets embedded in mucilage. 
In the sea the enveloping membrane gelatinises at one (fig. 136 B), or 
rarely at both, ends to liberate the minute spermatozoids. Detachment 
of the entire antheridium takes place in HalidrySy Cystoseira ((48) p. 15, 
(225) p. 160), Phyllospora ((293) p. 641), and others, the spermatozoids 
being liberated within the conceptacle or in the sea; even when the 
former obtains, however, they probably pass out in a group. 

The spermatozoids are generally pear-shaped, with the anterior end 
pointed and with the longer flagellum directed posteriorly (fig. 136 C). 
Their detailed structure has been much disputed. Behrens ((19) p. 95) 
and Strasburger ((255) p. 361), distinguished a large nucleus with a thin 
envelope of cytoplasm, while Guignard ((76) p. 142) concluded that the 
bulk of the body consisted of cytoplasm with a relatively small posterior 
nucleus (cf. also (122) and fig. 136 C). More recent investigations by 
Kylin and others ((125), (149) p. 278, (203), (206)) have, on the whole, sup- 
ported Strasburger’s view (cf. however (143), (144) p. 129) that the greater 
part of the body consists of nucleus (fig. 136 J-L, n). 

The eye-spots (fig. 136 J-L, y) of the spermatozoids (cf. also (146)) are 
formed from the chromatophores (cf. however, (149) p. 289), which 
reacquire pigment during the final stages of antheridial development 
(cf. above) ; they are stated to contain only carotene, possibly with some 
xanthophyll. In Pelvetia and certain species of Cystoseira an eye-spot 
is lacking (220). Retzius ((203) p. 5) first observed other inclusions in the 
cytoplasm of the mature sperm (fig. 136 J-L, pl)^ which he suggested 
were mistaken by Guignard for the nucleus. They commonly occur 
singly, although sometimes there are several ((125) p. 75, (149) p. 280), and 
are believed to be comparable to the plastomeres frequently found in 
animal spermatozoa. The flagella arise from a blepharoplast (basal 
granule, fig. 136 K, L, ^), which Meves regards as homologous with a 
centrosome. The longer posterior flagellum extends backwards within 
the body as far as the eye-spot, where it passes to the outside (fig. 136 
J-L). According to Retzius ((203) p. 8) the flagella taper at their ends. 

The mechanism of liberation of the sexual products is still not clear. 
Their escape can be observed if ripe receptacles are placed in a damp 
chamber. In the littoral Fucaceae mucilage, containing packets of ova 
and spermatozoids, is often seen at the apertures of the conceptacles 
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during low water ; in male plants these masses are commonly yellow 
in colour. With the advent of the next tide the gametes are freed and 
fertilisation can take place. It is tempting to suppose that in such 
forms the contraction of the thallus during low water plays some part 
in squeezing the packets out of the conceptacles, but this is in all 
probability not so ((53) p. 629). Extrusion frequently takes place 
during continuous submergence ((12) p. 61, (183), (228) p. 82) and 
Schreiber ((236) p. 280) observed the most marked liberation of sexual 
packets in Fiicus serratus after the thallus had been under water.. 
Oltmanns ((178) p. 93) states that it ceases after some time in drying 
plants, but recommences vigorously when they are returned to sea- 
water. Baker ((12) p. 56) concluded that the species growing at higher 
levels on the shore require a longer period of exposure for a maximum 
liberation of sexual products. 

Oltmanns suggests that the most important factors causing libera- 
tion are increased turgor of the cells of the wall and the pressure of the 
mucilage within the conceptacle. This is in agreement with the fact 
((236) p. 276) that more marked extrusion is observable in exposed 
plants after showers of rain, a phenomenon which can. be reproduced 
artificially in the laboratory (cf. also ((121) p. 523). Increased turgor in 
the cells of the wall might result after inundation owing to concentra- 
tion of the sap during exposure (cf. however (170) p. 36). In the many 
Fucales growing permanently submerged {CystoseirUy HalidrySy etc.) 
such external factors cannot come into play, although the rise and fall 
of the tide will involve alterations in light-intensity and in hydrostatic 
pressure that may affect turgor. Extrusion in Cystoseira has in fact 
been found to be accelerated by illumination ((184) p. 332) and in 
nature takes place during the early morning hours. 

Among submerged Fucales a periodic liberation of the sexual pro- 
ducts, not necessarily at regular intervals, has frequently been re- 
ported ((225), (263), (264), (26s) p. 143, (267), (268)); Moser ((156) p. 132) 
records a regular fortnightly liberation in all the Fucales he examined. 
In such instances an intermittent production of mucilage within the 
conceptacle or periodic swelling of the mucilage is perhaps part of the 
liberation-mechanism. Escape of the sexual cells no doubt often 
follows the tidal rhythm, and this may remain so for some time 
during constant submergence ((70) p. 16). 

As in other oogamous Phaeophyceae, fertilisation in Fucales takes 
place after liberation of the ova. If sexual packets from a ripe receptacle 
of Fucus are washed into a watch-glass, the liberation of the gametes 
and the process of sexual fusion are readily observed ((189) p. 144, (274), 
(308) p. 496), although fertilisation has been followed only in a few 
instances ((2), (52) p. 483, (255) p. 362, (277)). Large numbers of sperms 
(fig. 137 A) surround the ova, to which they become attached by the 
anterior flagellum, while the posterior one continues to move vigor- 
ously; in Fucus and Ascophyllum this is sufficient to set the egg in 
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rotation. As soon as a spermatozoid has penetrated, the attraction 
ceases ; Whitaker ((282) p. 298) describes the ensuing physical changes. 
During the rapid passage (fig. 137 C) of the minute male nucleus^ (m) 
to the female (/), a centrosome (fig. 137 B, c) surrounded by faint 
radiations ((298) p. 184) becomes recognisable, whilst, after the male 
has penetrated the female nucleus, a second centrosome (c') appears 
at the spot where the sperm (m) has entered. Occasionally several 



Fig. 137. A-D, fertilisation. A, C, Ascophyllum nodosum (L.) Le Jol.; 

A, spermatozoids and ovum; C, passage of male nucleus (m) to female (/). 

B, D, Fucus vesiculosus L.; B, penetration of male nucleus (m) into female; 
D, male nucleus (m) in contact with the female (/). E, F, F. vesiculosus L., 
nuclear division in oogonium; E, prophase of first division, 32 bivalent 
chromosomes ; F, polar view of late prophase of third division, c\ centro- 
somes; chy chromatophore ; /, female and m, male nuclei; s, spermatozoid. 
(A after Thuret; C, D after Farmer & Williams; the rest after Yamanouchi.) 

sperm-nuclei pass into the female nucleus and, when this is so, a 
corresponding number of cent^osomes appears, which proves that the 
second centrosome observed in normal fertilisation is associated with 
the penetration of the sperm. This centrosome is possibly derived from 
the blepharoplast of the spermatozoid. During the first hours suc- 
ceeding fertilisation there is a great increase in oxygen-consumption 
(283). Abe (2) failed to observe centrosomes in Sargassum, 

^ Behrens ((19) p. 102) no doubt interpreted binucleate ova as stages in 
fertilisation (cf. (52) p. 483). 
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In Halidrys ((53) p. 634), at the time of fertilisation, the surface of the 
female cell is covered with conical projections bearing a number of fine 
threads, although these disappear after 3-5 minutes. Similar features 
have been recorded in Cystoseira ((104) p. 746, (156) p. 138) and in Fucus- 
eggs treated with hypotonic solutions (57). Winkler (296) observed pene- 
tration of spermatozoids into non-nucleated fragments of Cystoseira- 
eggs, some of which afforded germlings of small dimensions; Moser 
((156) p. 173) failed to obtain their germination. 

In view of the frequent dioecism fertilisation can only be achieved, 
if there is a simultaneous production of large numbers of gametes which 
become intermingled by water-movements; there must, however, be 
enormous wastage ((236) p. 285). The heavy ova tend to sink, although 
in the sublittoral Fucales the devices described on p. 373 keep the female 
cells in situ. According to Kotte (112) the spermatozoids of Fucus serratus 
are negatively phototactic and aerotactic, as well as positively geotactic, 
so that they will tend to follow the sinking ova. Chemotactic attraction 
is stated to be due to a substance excreted from the latter and the re- 
sponse is a phobic one (cf. also (105) p. 651). Bordet (26), however, main- 
tains that the sperms are mainly sensitive to contact. 

Parthenogenesis, which has been induced experimentally in Fucus 
((i8i); cf. also (26s)), has not been observed in nature ((no) p. 202) and 
germination of unfertilised eggs is only rarely recorded. In suggesting 
possible parthenogenesis in Notheia^ Williams ((293) p. 639) does not refer 
to Barton’s record of antheridia. 

In view of the mixed populations of Fucales found on many shores, 
it is likely that hybridisation will occur, although there are few satis- 
factory records of the presence of hybrids in nature. When spermato- 
zoids of one species are brought together with ova of another species 
of the same or of a different genus, there is active attraction, although 
fusion only ensues in certain instances. Thuret ((274) p. 206) first 
recorded fertilisation of the ova of Fucus vesiculosus by the spermato- 
zoids of F. serratus and the putative hybrid has been described by 
Sauvageau ((215) p. 166, (217)). Thuret was, however, unsuccessful with 
other Fucaceae and failed to obtain the reciprocal cross between the 
species mentioned, although this was subsequently achieved by 
Kniep (109). Card (62) describes a supposed hybrid between F. spiralis 
and F. ceranoides. Williams (292) obtained some positive results in 
crossing Ascophyllum with species of Fucus and records a plant inter- 
mediate between the two genera (cf. also (156) p. 152). 

Kniep ((109) p. 333) achieved a large number of crosses between 
F. spiralis and F'. vesiculosus^ with either parent as the male. Ova of 
the former were obtained by incapacitating the sperms by brief im- 
mersion in a I % solution of chloral hydrate in sea-water or in 10% 
alcohol ; mature oogonia were also dissected out of the conceptacles. 
The sperms are readily separated from the rapidly sinking ova. 
Sauvageau ((21s) p. 16 1) has described probable hybrids between the 
two species (fig. 114 E, p. 325); these resemble F. vesiculosus in the 
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presence of bladders and in being dioecious, while the receptacles are 
more like those of F. spiralis. It still remains doubtful, whether these 
and other similar transitional types, found at the limits of the zones 
occupied by the various species of FucuSy are actual hybrids or habitat- 
forms. In commenting on this point, Kniep ((109) p. 337) suggests 
that the apparent scarcity of hybrids in nature may be due to un- 
suitability of the habitat or to inability to withstand competition with 
the parent-forms. 

THE AFFINITIES OF FUCALES 

Many authorities have assumed a certain measure of relationship 
between Laminariales and Fucales which have been regarded as lines 
diverging from a common ancestral source comprising forms like the 
Ectocarpales (cf. e.g. (no) p. 187, (124) p. 57). In both Laminariales 
and Fucales the thallus is a large diploid parenchymatous body which, 
despite differences in the method of growth, shows a considerable 
degree of similarity in anatomical structure, although displaying 
merely the culmination of tendencies manifest already among the 
polystichous Ectocarpales. Perhaps a fuller investigation of the 
Antarctic genera Durvillea and Ascoseira will shed light on the nature 
of this relationship. There are, however, very significant contrasts in 
reproduction between the two orders, since in Fucales a separate 
gametophytic phase is altogether lacking. The frequent reduction, in 
cultures, of the female gametophyte of Laminariales to a unicellular 
state, a condition which is apparently the rule in Saccorhiza 
(p. 251), has been regarded as illustrating a stage in the retrogression 
of the haploid phase which has culminated in the condition found in 
Fucales ((no) p. 185, (124) p. 57, (260) p. 184, (261) p. 372, (262) p. 44). The 
first two nuclear divisions in the oogonium are interpreted as a tetrad- 
division within a sporaAgium (cf. also (256) p. 4) in which, however, 
the spores are not individualised. Each, after a brief resting period, 
gives rise to two potential ova which represent all there is of the 
female gametophyte. It is not so easy to extend this interpretation to 
the antheridium. 

It may be doubted, moreover, whether any such detailed attempts 
at homology are profitable, since there can be no question of any 
direct derivation of Fucales from Laminariales or other specialised 
group of Phaeophyceae. It seems more probable that the reproductive 
mechanism of the former has originated from the tendency for the 
asexual zoospores to behave as gametes, evident in diverse evolutionary 
lines among the less specialised Brown Algae (cf. pp. 128, 13 1, 187). 
Such a view does not necessitate the assumption of a reduced gameto- 
phyte, although, like the hypothesis stated above, it ultimately derives 
the sex organs of Fucales from unilocular sporangia. Kylin ((128) 
p. 439) suggests such a possibility, although sceptical as to the fusions 
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between the swarmers of unilocular sporangia. Whether the occur- 
rence of septation in the antheridium is a valid argument against such 
a hypothesis ((129) p. 310) can only be determined when the nature 
of this septation is better known. There can be no doubt that the 
Fucales have a long history behind them, and it is inadvisable to probe 
too deeply into homologies. 

In recent years Kylin ((126) p. 77, (127) p. 28), laying stress on the 
differences in the relative lengths of the flagella of the spermatozoids 
of Fucales on the one hand, and of the zoospores of Phaeophyceae on 
the other, as well as on the probable plurilocular character of the 
antheridia, disputes the probability of a direct derivation of Fucales 
from forms resembling the present-day Ectocarpales. The evidence 
on the former point is conflicting ((46) p. 227, (hs)), while, if the sex 
organs of certain Fucales acquire a plurilocular character at maturity, 
this appears to be secondary and altogether different from the condi- 
tion shown by a typical plurilocular sporangium. 

In the opinion of the writer (cf. also (312) p. 82) the Fucales have 
originated in the evolutionary line exemplified by the parenchymatous 
(polystichous) Ectocarpales, among which there is replacement of 
trichothallic by apical growth (p. 112), as apparently occurs also in 
the germling of Fticus (p. 349). As already emphasised, however, the 
derivation is remote and there appear to be no intermediate forms. 
The few, uncertain, fossil forms that have been ascribed to Fucales 
((67), (185) p. 94) do not afford any clues. The suggested relationship 
with Encoeliaceae, already discussed on p. 365, does not carry one 
any further. Delf ((46) p. 236), in assuming an affinity with Meso- 
gloeaceae, overlooks the fundamental differences in basic construc- 
tion. The filamentous character of the medulla in the Fucales origin- 
ates secondarily from a primary parenchymatous state, and there is 
no evidence whatsoever that the parenchymatous type of thallus in 
Phaeophyceae is derived from the pseudo-parenchymatous one, 
although Church ((33) p. 32) made such an unwarrantable assumption 
and Schussnig ((237) p. 265) evidently has some such hypothesis in 
mind. 

Many of the less specialised members of the Fucales are charac- 
teristic of the colder seas of the Northern and Southern Hemispheres, 
whence they have invaded the warmer areas of the world. That such 
widespread genera as Cystoseira^ Cystophyllum, and Sargassum are 
comparatively recent and still in course of vigorous evolution is shown 
not only by their morphological features and the presence of a single 
ovum in the oogonium, but also by the multiplicity of ill-defined species. 

The following is an epitome of the classification adopted in the fore- 
going account (cf. (103) p. 179, (179) p. 186): 

I. Fucaceae: Ascophyllum, Axillaria, Cystosphaera, Fucus, Margina- 
riella, Myriodesma, Pelvetia, Pelvetiopsis, Phyllospora, Scaberia, 
Scytothalia, Seirococcus, Xiphophora. 
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2. Himanthaliaceae: Himanthalia. 

3. Cystoseiraceae: Bifurcaria (Pycnophycus), Bifurcariopsis, Carpo- 
glossum, Cystophora (incl. Blossevillea), Cystophyllum, Cystoseira, 
Halidrys, Landsburgia, Platylobium, Platythalia. 

4. Sargassaceae: Acystis, Carpophyllum, Coccophora, Sargassum 
(incl. Anthophycus, Pterocaulon), Turbinaria. 

5. Hormosiraceae: Hormosira, Notheia. 

6 . Durvilleaceae: Durvillea (incl. Sarcophycus). 

7. Ascoseiraceae: Ascoseira. 

THE ECOLOGY OF FUCALES 

Some reference has already been made to the marked zonation ex- 
hibited by the littoral Fucales on northern shores. Pelvetia canali- 
culata and Fucus spiralis occupy the uppermost, F, serratus and 
Himanthalia (fig. 1 17 A) the lower levels, with Ascophyllum and Fucus 
vesiculosus (fig. 117 B) in intermediate positions ((37) p. 23, (98) p. 64, 
(99) p. 191); on more northerly coasts ((22) p. 743, (loi) p. no, (209) 
p. 195) F. inflatus usually replaces F. serratus^ while on the west coast 
of Sweden the place of Pelvetia is taken by Fucus spiralis ((121a) p. 225). 
On shores exposed to the full force of the waves F. serratus^ Asco- 
phyllum ((73) p. 418, (99a) p. 321) and Himanthalia ((loia) p. 8) are often 
lacking (cf. however (loi) p. 112), while on wave-swept coasts in the 
Faeroes Boergesen found only F. spiralis and F, inflatus. Cotton 
records a bladderless variety of F. vesiculosus (var. evesiculosus) in such 
habitats and states that the size of the frond (cf. also (loi) p. 30, (204) 
p. 140) and the number of bladders in the type increases with the 
degree of shelter. Rees ((194) p. 85; cf. also (303)) produces similar 
data for the distribution of littoral Fucales in relation to intensity of 
surf-action, although he points out that other factors concerned are 
the angle of slope and the nature of the surface of the rock (cf. also (loi) 
p. 109, (192)). The relative levels of Ascophyllum and Fucus vesiculosus 
vary ((22) p. 744, (37) p. 55, (loO p. m, (228) p. 63) and Zaneveld ((300) 
p. 447) discusses the possible causes. By contrast to the abundant 
representation of Fucales in the littoral region on northern shores, 
the bulk of the New Zealand members occur at and below low tide 
level ((176) p. 518), Hormosira being the chief emergent form. 

There can be no doubt that the littoral Fucales are well adapted to 
their habitat. Fucus vesiculosus^ F, serratus, and Ascophyllum nodosum 
are resistant to cold ((123), (168) p. 7, (253) p. 50), while in summer the 
thalli may reach a temperature of 34-36° C. without apparent harm, 
although Grubb ((73) p. 413) states that F. serratus is more susceptible 
to summer-heat than F. vesiculosus. The pronounced zonation is no 
doubt to a considerable extent a result of a differing capacity to resist 
desiccation ((n), (12), (35), (73) p. 421, (108) p. 123), both during germina- 
tion and vegetative growth. According to Zaneveld ((300) p. 459) the 
forms in the upper zones have thicker membranes, a higher water- 



GENERAL ECOLOGY 


383 

content, and reach their dry weight on evaporation later than those 
in the lower (cf. also (96), (188), (232) p. 536). Baker ((12) p. 67) also 
draws attention to the dilated receptacles filled with mucilage, charac- 
teristic of the species occupying the upper levels. Halidrys siliquosa 
by contrast cannot withstand even a short period of desiccation ((253) 
p. 50) and Laminaria^ although more resistant (97), is very susceptible 
to frost. Fucus evanescens is likewise resistant to desiccation (isS). 

F. vesiculosus and F, ceranoides can withstand lowered salt-concen- 
trations (31,205), while the other two British species do so less readily 
(cf. also (105) p. 658). Such conditions have no effect on the formation 
of receptacles which are, however, sterile ; cryptoblasts, on the other 
hand, are reduced in number or lacking. Kniep (105) was of the 
opinion that the increasing salt-concentration at lower levels played 
a r61e in the distribution of the littoral Fucales. 

It is improbable that the practical restriction of the littoral Fucales 
to the intertidal region is dependent on illumination, although Gail (59) 
concludes that the lower limit of Fucus evanescens is determined by 
this factor. Montfort (153), however, investigating photosynthesis of 
F. vesiculosus at various depths, decided that the distribution of this 
species is not influenced by depth of submergence (cf. also (igoa) 
p. 70). Both it and F. serratus ((51), (92) p. 134) are adapted to high 
light intensities and are the equivalents of sun-forms among land- 
plants. At the same time they can also carry on effective photo- 
synthesis in relatively feeble light, and their active growth during the 
early months of the year is due to this capacity at a time when respira- 
tion is inconsiderable owing to the low temperature ((92) p. 134)- There 
is evidence that in both species there is a seasonal variation in reaction 
to light and temperature (154). Stocker and Holdheide(2S3) found that 
considerable photosynthetic gain is possible even during periods of 
exposure, although the capacity for photosynthesis is gradually lost 
on drying ; this is, however, accompanied by a reduction of respiration 
to a minimum. Exposure to rain results in a reduction of photo- 
synthesis. 

The littoral Fucales thus constitute a distinct ecological group, 
markedly adapted to a subaerial mode of life and with a great capacity 
to resist extreme conditions and to effect considerable assimilatory 
gains under such circumstances. Their adaptation to subaerial condi- 
tions is likewise displayed by the plentiful occurrence of forms of the 
diverse species concerned in the vegetation of salt-marshes. 

Although the members of this order are normally lithophytes, they 
are also widely represented by unattached growth-forms which lack 
the attaching discs of the saxicolous types and for the most part 
propagate solely by vegetative means. Such forms are often a con- 
spicuous feature of the flora of salt-marshes,^ where they are found 
embedded in the mud or interlacing with one another and with the 
^ See especially (13), (14), (30), (37) p. 78, (194) p. 114* 
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stems of the halophytic seed-plants so that they are not dislodged 
by the tides. They probably play an important role as pioneers, 
following upon the filamentous Green and Blue-green Algae that 
constitute the primary colonisers, and form a seed-bed (fig. 137 bis)^ 
as well as a protection during early stages of germination, for the 
phanerogamous halophytes ((13) p. 282, (14) p. 371). Most of them are 
of course subject to desiccation for a number of days in each fortnight, 
in place of the usual daily exposure. On the coasts of Morocco, near 
the southern limit of its range, Fucus vesiculosus is represented only by 
salt-marsh forms (147). 

Most of the littoral Fucales, except Himanthalia^ have given rise 
to such growth-forms on British salt-marshes. Apart from the pre- 
valent vegetative reproduction, theseTorms are characterised by a 



Fig. 137 his. Fucus vesiculosus L. var. muscoides Cotton (after Cotton), sward- 
formation; intermingled are scattered plants of Statice maritima. 

dwarf habit (fig. 138 F, G) and frequent spirality (fig. 138 A, B, G) or 
curling of the thallus. The dwarf habit has been attributed ((14) p. 357) 
to the greater degree of exposure (cf. however, (228) p. 68), and to the 
shorter period of immersion in sea water which is moreover often 
diluted. This factor is also believed to bring about the reduced width 
of the thallus, while spirality or curling has been ascribed to the 
reception of more moisture and nutritive salts by the side of the 
thallus adjacent to the mud during intertidal periods. A spiral form 
of F. vesiculosus has been obtained by placing plants entangled in 
wire-netting on a Spartina-mdixsh. ((98) p. 63). No satisfactory ex- 
planation for the customary sterility has yet been afforded ((h) p. 364, 
(134) p. 144). 

The salt-marsh forms of Pelvetia canaliculata, like the saxicolous 
form, occupy the upper levels and several different kinds have been 
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distinguished ((13) p. 277, (29) p. 206, ( isq ) p. 65, (249)). Ortc of the 
commonest is that known as var. libera (fig. 138 E), which lies loose 
on the surface. The bushy plants are dark brown and copiously 
branched, the branches interlacing with those of adjacent plants so 
that a continuous covering is formed over the soil. In the rarer var. 
coralloides (cf. also (140) p. 280) the lower part of the thallus is em- 
bedded in the marsh, about 2 cm. projecting above the surface ; it is 
more like the normal attached form and approaches the var. radicans 
found by Foslie ((56) p. 263) on the clay bottom of shallow rock- 
pools. 

Ascophyllum nodosum is represented mainly by small forms of var. 
scorpioides ((14) p. 329, (139) p. 205), which is widespread in the loose- 
lying communities of the North Temperate zone (p. 387), and by a 
form known as var. Mackaii Cotton ((37) p. 128, (139) p. 202), which is 
sometimes ranked as a separate species (18). The latter (fig. 138 D) 
forms globular tufts which are often of some size and consist of a 
number of plants, with or without small air-bladders; it appears to 
arise directly by vegetative propagation from broken pieces of the 
ordinary lithophyte ((139) p. 203, (159) p. 67). 

The forms of Fucus found on salt-marshes are very diverse and, 
although they are doubtless all derived by vegetative propagation 
from saxicolous types, the profound modification and the customary 
absence of fertile conceptacles make it difficult to establish their true 
affinities. In a survey of the British marsh-Ftta Baker and Bohling 
((14) p. 330) refer most of them to F, vestculosus (cf. also (212)) and class 
them in three groups — the relatively large spirally twisted ones (ecad 
volubilis^ fig. 138 A), the turf like forms (ecad caespitosus)^ and the 
filiform ones (ecad muscoides) ; numerous transitional forms are recog- 
nised. Those placed in ecad volubilis (incl. F. volubilis Huds. and 
F. lutarius Kiitz.) agree to a considerable extent with comparable 
ones (fig. 138 B) found on the continent (see below). The ecad 
caespitosus corresponds to the plant called F, balticus Ag. (F. vesicu- 
losus var. subecostata Harv., F. vesiculosus var. balticus (Ag.) Cotton), 
and is common as an undergrowth in British salt-marshes ((37) 
p. 125, (139) p. 206). It is a dwarf, prostrate or erect, form showing 
little or no curling; the thallus is devoid of midrib and air-bladders, 
bears prominent marginal cryptoblasts, and the conceptacles some- 
times show divided oogonia. The var. muscoides (fig. 137 bis\ (37) 
p. 127, (139) p. 206) differs from this only in its erect growth and 
filiform fronds. 

Sauvageau ((214), (21s) p. 106, (229)), who undertook a detailed study of 
the French and Spanish salt-marsh Fuciy referred them to F. lutarius 
(Chauv.) Kiitz. {F. vesiculosus var. lutarius Chauv.). The projecting part 
of the thallus (30-40 cm.) is narrow and spirally coiled (fig. 138 B), often 
devoid of air-bladders and provided with scattered cryptoblasts which 
are frequently marginal in position (fig. 138 C, c). The part buried in 
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Fig. 138. Unattached forms of Fucales. A, Fucus vesiculosus L. var. voluhilis 
(Turn.) Baker (about 1/6 nat. size). B, C, F. lutarius Kiitz. ; B about 2/3 nat. 
size; C, apex of a branch enlarged, D, Ascophyllum nodosum (L.) Le Jol. var. 
Mackaii (Turn.) Cotton (about 3/4 nat. size). E, Pelvetia canaliculata (L.) 
Decsne & Thur. var. libera Baker. F, G, Fucus spiralis L., salt-marsh forms 
(slightly reduced), a, adventitious fronds; r, cryptoblasts; r, receptacles. 
(A after Baker & Bohling; B, C after Sauvageau; E after Baker; the rest after 
Naylor.) 
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the silt bears numerous small adventitious fronds (fig. 138 B, d) which, 
as they become free by decay of the stalk, bring about plentiful multi- 
plication; they bear marginal cryptoblasts only. The rare individuals 
with fertile conceptacles are always female ; the oogonia remain 
undivided, although several nuclei may be present. The receptacles are 
inflated with gas and adventitious fronds commonly arise from the 
edges of older conceptacles which have split open. 

The spirally twisted Fuci of British salt-marshes were first ((13) p. 283 ; 
cf. also (139) p. 207) referred to F. voluhilis Huds. which shows many 
similarities to F. lutarius. The plants (fig. 138 A) vary considerably in 
size and bear occasional oblong air-bladders ; the rare receptacles display 
the features recorded by Sauvageau. The latter subsequently ((228) p. 70) 
referred the forms devoid of air-bladders to F, lutarius (cf. also {147)) 
and those possessing them to F. voluhilis. Chemin ((32) p. 154) is of the 
opinion that the two sets of forms are not distinct. 

Sauvageau ((228) p. 57) criticises Baker and Bohling’s reference of the 
marsh Fucoids to F. vesiculosus. He argues that the sole presence of 
female plants is no proof of derivation from a dioecious species, since 
the special conditions might just as readily lead to abortion of the 
antheridia in a bisexual conceptaclc as to the suppression of male plants 
(cf. also (170) p. 39). He is of the opinion that F. lutarius may have been 
derived from F. spiralis. 

A remarkable silt-inhabiting form, growing to a length of 20-50 cm., 
has been described by Nienburg ((165), (166) p. 161, (170)) from the North 
Frisian “ Wattenmeer ” under the name of F. Mytili. Its sole anchorage 
is afforded by the byssus-threads of the Mollusc Mytiltis. The plants, 
which show a tendency to twist and only rarely possess air-bladders, 
have plentiful cryptoblasts. Only female conceptacles with normal 
oogonia are present, but the packets of ova are not liberated. The re- 
ceptacles proliferate into well-branched fronds which become free by 
decay, and this is believed to be the normal method of propagation 
((170) p. 35). The parentage of this peculiar form is obscure, but it is 
possibly derived from F. vesiculosus. 

Since the work of Baker and Sauvageau above discussed an un- 
doubted limicolous form of F. has been recorded ((i6o) p. 431); 

the base of the small thallus (fig. 138 F, G) is embedded. Marsh- 
forms of F. ceranoides are also known ((14) p. 340, (160) p. 437, (250)), 
although F. serratus does not appear to be represented in such 
habitats. 

Similar sterile unattached thalli of diverse Fucales often occur in 
huge numbers as loose-lying forms in the sublittoral region of the 
quieter land-locked seas ((209) p. 218, (231), (258) p. 35). They are de- 
rived from detached fragments, which have been carried by currents 
into these waters and there continue to propagate by vegetative means. 
One of the commonest forms appearing in this community in North 
Temperate seas is Ascophyllum nodosum var. scorpioides ((178) p. 41, 
(180) p. 66, (199) p. 33, (200) p. 7), in which the main axes are almost 
terete, devoid of air-bladders, and bear only occasional laterals ; where 
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such forms are not continuously submerged, they are much more 
compact and approximate to those found on salt-marshes ((37) p. 129, 
(139) p. 204, (272) p. 209). 

Certain forms of Fucus vesiculosus play a very considerable role in 
the loose-lying communities of the Baltic ((134) pp. 60, 143, (258) 
pp. 35, 84; see also (8), (14) p. 338). Many of these, formerly grouped 
under F. balticus^ show considerable parallel with the larger salt-marsh 
types, although they lack the characteristic spiral curling of the 
thallus. In the eastern parts of the Baltic, where the salinity becomes 
progressively lower, F, vesiculosus fruits more and more sparingly and 
is ultimately represented only by reduced vegetative forms ((71) p. 19, 
(106) p. 95, (113) p. 80, (313); cf. also (105) p. 657). Jonsson ((100) p. 19) 
records similar dwarf-forms of F. inflatus L. from East Greenland. A 
loose-lying form of F. serratusy found on muddy sand and shingle, has 
been recorded from Scotland (159). In the loose-lying community of the 
Adriatic ((23T) p. 72) species of Cystoseira play an important part; the 
plants consist of detached axes covered with new proliferations. 

The most striking of the unattached forms is the Gulf-weed which 
occurs in huge floating masses in the Sargasso Sea, off the African 
coast between 20° and 35° latitude N. ; Parr (182) furnishes quantitative 
data. There is considerable evidence (cf. (24), (28), (80a) p. 54, (114), (115), 
(213), (294)) that these immense tracts of drifting Sargassum are formed 
by continuous vegetative reproduction in situ of occasional detached 
saxicolous individuals, carried there by ocean currents. The view, 
advocated especially by Kuntze ((ii8) p. 197; cf. also (246)), that this 
vegetation consists in the main of an accumulation of detached plants, 
has found little support in recent years. Attaching discs have never 
been found on the plants of the Sargasso Sea and investigation on the 
spot has shown that there is continuous growth of the younger parts, 
as the older die away. Hentschel ( 86 ) reaches the same conclusion by 
a study of the attached growth found on the Gulf-weed. Winge(294) 
and Sjostedt(246) record a considerable increase in the amount of 
Sargassum during the summer, which the latter, probably wrongly, 
ascribes to the arrival of fresh plants from Central America and the 
West Indies. The newly detached individuals sometimes show fertile 
conceptacles with sex organs, but these appear to be functionless and, 
according to Winge, occur only in the westerly parts of the Sargasso 
Sea. 

Boergesen ((24) p. 6) recognises two “species’^ in the Sargasso Sea, 
viz. S. natans L. (*S. bacciferum C. Ag.) and more rarely S. hystrix J. 
Ag. var. fluitans Boerg. Both are sterile and exhibit attenuation and 
marked elongation of all the branches, as compared with the attached 
species of Sargassum, Winge distinguishes eight different types, of 
which only three are common. There is considerable resemblance 
between S. natans and certain of the attached West Indian species 
{S, vulgar Cy S. Filipendula)y and Boergesen is of the opinion that one 
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or other of these is possibly the parent from which the free-floating 
form is derived. Drifting specimens of Sargassum are very commonly 
encountered in the North Atlantic. 

The difficulty of relating the diverse forms found in the Sargasso 
Sea to any of the known littoral species has led to the hypothesis that 
they might represent the remains of the littoral girdle of the continent 
of Atlantis ((68) p. 20 ). This conjecture, however, overlooks the pro- 
found modification which the detached lithophytic Fucales undergo 
in their adaptation to a loose-lying existence. 
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Class X. RHODOPHYCEAE 


'he Red Algae fall naturally into two sub-classes, the Bangioidea e 
and Florideae jThe former include only a limited number of genera 
(Bangiales) which, although showing certain characters in common 
with the Florideae, exhibit so many significant differences that opinion 
remains divided as to their exact relation to the latter (p. 437). '^he 
bulk of the Bangioideae are marine , including such typical members 
of littoral vegetation as Bangia and Porphyra, but they also comprise 
a number of probably reduced freshwater and terrestrial form^Fhey 
provide the only examples of ' parenchymatous const auction) found 
among Rhodophyceae, and the broad expanses of Porphyrg 
142 Aq constitute a remarkable parallel to those of Ulva ana Punctaria^ 

In their diffuse growth they offer a sharp contrast to the Florideae 
which comprise the vast majority of the Red Algae. {Jrrowth is here 
effected by an apical cell which is commonly dome-shaped, (figs. 15 1 
A, a\ 155 B, ac). Another characteristic feature, lacking in Bangiales, 
is constituted by the well-marked pits (fig. 139 B, pi), occupied by 
broad cytoplasmic strands, that occur in the septa between adjacent 
cells (p. 446). In the least specialised members of Florideae (Acro- 
chaetium) the plant takes the form of a heterotrichous filament (fig. 
148 A, B) and no simpler types of body are known, ^he heterotrichous 
filament is also encountered in Erythrotrichia and other Bangiales 
(fig. 142 G), while the freshwater and terrestrial members of the latter 
in part exhibit unicellular and colonial states^fig. 143 D, H, I, S) 
which are probably the result of reduction. 

As in Phaeophyceae (p. 21), the heterotrichous habit is recog- 
nisable in the juvenile stages of most of the less specialised Florideae 
(Nemalionales, figs. 15 1 B; 153 C), although in the more advanced 
orders it is obscured and in the Ceramiales a prostrate system 
is no longer differentiated. The manifold types of thalli ((0 p. 5) 
exhibit varied degrees of compactness, but are invariably pseudo- 
parenchymatous. (They are composed of dense aggregates of the 
branch-systems of one (uniaxial types, fig. 154 C) or more (rnultiaxial 
types, fig. 158 D; 159 A) richly branched filaments which, in the 
heterotrichous forms, arise from the prostrate system. The resulting 
thalli are commonly cylindrical (fig. 163 B, C), with more or less 
copious ramification, although a marked foliaceous development 
occurs, for instance, in Gigartinaceae (fig. 174) and Delesseriaceae 
(fig. 192). Illumination may play a role in determining the organisa- 
tion of the thallus ((7) p. 602). Morphological elaboration is far rarer 
than among Brown Algae and relatively few Florideae show 
complexities in outward form (cf. pp. 502, 568). The full considera- 
tion given to these matters on p. 450 et seq. renders a further discus- 
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sion unnecessary. Few Red Algae attain to any considerable stature, 
although a considerable number are perennial in habit; a larger or 
smaller portion of the old frond usually persists and from it the new 
growth arises ((150) p. 235). Tissue-tensions, similar to those noted in 
Pljaeophyceae, are occasionally manifest ((113) p. 834). 

C The vast majority of Florideae are marine and most of the fresh - 
water representatives {Batrachospermum, Lemanea^ Hildenbr^andia, see 
also (227)) belong to the less specialised groups ; in general they favour 
well-aerated habitats (rivers and the littoral region of lakes). Many 
of the marine Florideae are sublittoral and normally inhabit deeper 
water and, when the latter is clear, can penetrate to very considerable 
depths ((16), (202) p. 177, (205) p. 483, (252) p. 135); such forms can onl; 
be obtained by dredging, unless cast up on the shore after storms 
Certain Florideae (species of Gigartina, Laurencia^ Lomentaria^ etc.] 
however, form extensive belts in the littoral region and, where suitable 
substrata are available, Red Algae occur in this position even in the 
Tropics (234). On the other hand, many Florideae, found between 
tide-levels on temperate and other shores, are confined to the rock- 
pools and are evidently incapable of withstanding desiccation. 
A number (species of Catenella^ Bostrychia^ etc.) are adapted to life in 
brackish water, being characteristic members of certain types of salt- 
marsh vegetation and of the flora growing on the roots of tropical 
mangroves. Although distributed over the whole surface of the earth, 
the greatest abundance ot Florideae is met with in the warmer seas 
(cf. (60) p. 281, (62) p. 281, (208) p. 329, (209) p. 99, (220) p. 298) and in 
Australasia. 

(The Rhodophyceae are distinguished by a complete absence of all 
motile stagesj both the male cells and the diverse types of spores being 
devoid of organs of locomotion. There is indeed no evidence that 
motile types have ever occurred in this class, supposed flagellate 
representatives (e.g, Rhodomonas). having proved to belong to an 
altogether different affinity. One of the criteria that serves to demon- 
strate the homogeneity and probable separate origin of Chlorophyceae, 
Phaeophyceae, etc. is therefore lacking. On the other hand, all 
Rhodophyceae possess accessory photosynthetic pigments of a dis- 
tinctive and similar kind, while the products of photosynthesis 
(Floridean starch, etc.) are equally characteristic]) These features, 
taken in conjunction with the many striking morphological charac- 
teristics of Florideae (apical growth, filamentous construction, pit- 
connections), the universal oogamy and other marked peculiarities in 
the processes of reproduction (p. 599), all tend to suggest a common 
ancestry from which Bangioideae and Florideae probably diverged at 
a very early stage.(The Red Algae exhibit no clear affinities with other 
classes and are commonly grouped as Rhodophyta, by contrast to the 
Chlorophyta, Chrysophyta, Phaeophyta, etc]) Our knowledge of their 
fossil history is negligible (cf. (188) p. 96) and sheds no light on their 
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evolution. The calcified Corallinaceae are met with from the 
Cretaceous onwards and have played an important role in the forma- 
tion of limestone rocks (p. 51 1). 

The Cell-wall 

Xwo distinct layers are generally recognisable in the cell-wall ((0 
p. 28). The inner, firmer layer adjoining the cell-cavity often consists 
largely of cellulose ((37) p. 142, (72), (no) p. 30, (122) p. 420, (247) p. 154, 
(253) p. 132; cf. also (17s), (184)), while the outer layers are composed of 
pectic substances. In certain Florideae (Cys toe Ionium , Gelidium^ 
Laurencia) the cell-walls are coloured blue by iodine ((94) p. 362, (loS) 
p. 52) which Sauvageau ((203) p. 10) ascribes to the presence of 
amyloid; Hansen ((86) p. 284) records a red coloration of the middle 
lamella with iodine in species of Gracilaria. In the living cells of 
many Florideae the membranes are markedly stretched and com- 
pressed as a result of the turgor of the cell -contents so that, on treat- 
ment with hypertonic solutions, the shrinkage of the protoplast is 
accompanied by a decrease in the dimensions of the cell, as well as by 
a pronounced increase in the thickness of the wall- ((96) p. 414, (97), 
(109) p. 125, (249) p. 150). This feature is responsible for the often 
considerable thickness shown by the cell -membranes in preserved 
material. The resulting difficulty in osmotic determinations by the 
plasmolytic method is met by Hoffmann (96) by utilising for such 
purposes the first indications of cell-shortening or membrane- 
swelling. According to Kylin ((135) p. 242) damaged cells of Griffithsia 
and of Antithamnion plumula ej^hibit an increase of the cell- wall to ten 
times its previous thickness. ^The “cuticle^’, apparent at the surface 
of some of the coarser forms, is probably a denser layer of pectic 
material; in some instances ((8) p. 5, (59) p. 24) it has been found to be 
resistant to strong acids. 

("Stratification of the^ membrane is very prominent in eertain 
Ceramiaceae, where it has been studied as an example of growth by 
apposition ((212) p. 257, (230) p. 189). The classical instance is furnished 
by Bornetia secundiflora (fig. 139 A), where successive thickening 
layers {i) are deposited by the tip of the protoplast of the apical cell, 
while the outermost strata (0) are progressively burst; the wall thus 
comes to consist of numerous funnel-shaped pieces. A comparable 
stratification is recorded in species of Antithamnion^ Callithamnion^ 
and Ceramium (fig. 139 B, C; (10) p. 276, (187) p. 284). In cell-division 
the septa arise as annular ingrowths and show no relation to the 
nuclear spindl^((2i6) p. 222, (236) p. 227). 

The pectic layers of the wall, which stain deeply with ruthenium 
red and methylene blue, at one time regarded ((122) p. 420) as calcium 
salts of pectic acids, are probably complex. They are either com- 
pletely {Rissoella) or only partly (Gelidium) soluble in boiling water. 
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and the solutions thus obtained are often spoken of 2i%geloses{zo2), The 
products of their precipitation include the commercial agar-agar (de- 
rived from species of Gracilaria^ Gelidiunij and Eucheuma^) and 
carrageen (from Chondrus crispus'^ and Gigartina stellata). On 
hydrolysis these two substances afford galactose, accompanied by 
pentoses and possibly some glucose ((72), (8s), (149), (158), (173) p. 303); 
Takahashi (237) obtained a sugar (floridose) from hydrolysed geloses of 
ChondruSy Iridaeay and Ahnfeltia. Agar and carrageen have also been 
shown to contain organically bound sulphur ((77), (149) p. 421, (176), 
(238)), and it is believed that they include calcium salts of ethereal 
sulphates (20,84,98)1 the gelose of Ceramiutn rubrum likewise contains 
an ethereal sulphate ((200) p. 585 ; cf. also (95) p. 294). 

vKylin ((120) p. 194) distinguishes the geloses obtained from Ceramium 
rubrum and Furcellaria fastigiatUy which readily solidify on cooling 
and are precipitated by ammonium sulphate, from those derived from 
Dumoniia incrassatay which remain liquid on cooling and are not preci- 
pitated by the salt; carrageen resembles the former. Sauvageau ((203) 
p. 32, etc.) further differentiates between the geloses of Gelidiumy 
Gracilariay Ahnfeltia y etc., which solidify in the cold even in dilute 
solutions, and those of Chondrus y Gigartina y GymnogongruSy Hypneay 
etc., which only solidify when in concentrated solution or after treat- 
ment with electrolytes ; that of Polyides is intermediate and its solution 
readily solidifies on addition of ammonium sulphate. Sauvageau 
states that in the seaweeds of the first group, which release their gelose 
at high temperatures without disintegration, the cellulose is very re- 
sistant to ammoniated copper oxide and amyloid is invariably present 
in the wall. According to Haas and Hill ((78) p. 358; cf. also (20)) 
carrageen is a mixture of two substances, the one soluble in cold water 
and producing a thick viscous solution not setting to a gel after boiling 
with a little Rochelle salt, the other soluble in hot water and readily 
affordijxg a gel on cooling. The residue left after extraction contains 
cellulose., 

Marked calcification of the cell-membranes occurs in Corallinaceae, 
as well as in species of Peyssonneliay GalaxaurUy and Liagora ((75) 
p. 534, (107) p. 147). According to Berthold ((6) p. 419) the envelope 
of lime is thicker in well-illuminated individuals. The incrustatiop 
first appears in the pectic layers and then penetrates into the cellulose 
layers, although the protoplast always remains enveloped by an un- 
calcified lamella. The lime takes the form of calcite in Corallinaceae (3), 
of arragonite in the others ((159) p. 51, (192)). Some magnesium carbo- 
nate is always present ((28) p. 48, (102), (142) p. 12, (143) p. 38), but in 
Corallinaceae this is only precipitated in the older thallus and in dead 

^ Eucheuma speciosum J. Ag. ((90) pi. 64) and Gracilaria lichenoides are used, 
like carrageen, in the preparation of jellies. Ahnfeltia plicata (245), Pterocladia 
capillacea (269), and others (271, 272) have been recommended as sources of agar. 

* Regarding the collection and diverse uses of the products of Chondrus 
crispusy see (48) p. 681, (78) p. 353, (240) p. 142. 
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parts (isi). There is a greater proportion of magnesium in deep-water 
forms and little in those in which lime is deposited as arragOjUte. The 
amount of calcium and magnesium in Corallina squamata is greater 
in winter than in spring, but there is no constant relation between the 
two (82). Incrustations of carbonate of lime have been reported in 
freshwater forms ((242) p. 98, (248), (270)). Deposition of iron is recorded 
in Batrachospennum ((sO p. 51, (no)) and diverse other Red Algae ((162) 
p. 12, (225)). 


The Protoplast^ 

The cytoplasm of diverse Florideae exhibits a high degree of viscosity 
and there is often a very firm adhesion to the wall ((99), (100), (135) 
p. 244, (244) p. 294), which is stated ((19) p. 449) to be due to extension 
of the protoplast into the innermost layers of the membrang) These 
features are no doubt related to the fact that the protoplast, during 
plasmolysis ((loo p. 384, (250), remains in contact with the wall at 
diverse points and develops concave contours which are irreversible 
(fig. 139 R). Such phenomena are not shown by all the species that 
have been investigated and the extent of their occurrence is not at 
present clear; the published data refer mainly to Ceramiales. 

The protoplasts of Florideae are commonly killed by plasmolysis 
((12), (52) p. 105, (125) p. 381, (135) p. 245), Heterosiphonia plumosa being 
specially susceptible, while Ceramium ciliatum ((100) p. 67) and 
Callithamnion corymbosum ((52) p. 99), for instance, are more resistant ; 
capacity to resist hypertonic solutions is stated to run markedly 
parallel with cold resistance ((loo) p. 69). Many Red Algae are also 
very sensitive to dilution of the medium ((100) p. 60), although Anti- 
thamnion cruciatum and A. spirographidis for example, are less 
sensitive than others. The harmful effects of dilution of the medium 
on Florideae are also shown by the marked diminution in number, as 
well as in the size and degree of branching of the surviving forms, in 
seas with lower degrees of salinity (cf. (199) p. 41, (224)). 

Diverse Ceramiales are stated (13) to show marked susceptibility- 
gradients to hypo- and hypertonic sea-water, as well as viscosity- 
gradients (cf. also (26), (loi) p. 379, (263)). In general the older cells show 
a higher degree of viscosity than the younger, but in Cryptopleuraj for 
instance, this is more marked in the marginal cells. It is evident, how- 
ever, that the protoplast does not always possess a high viscosity. Thus, 
in certain Ceramiaceae {Callithamnion , Monospora) the cross-walls of 
the older cells bear aggregations of cytoplasm from which numerous 
processes, exhibiting constant change of form, extend into the vacuole 
((25) p. i73> p. 289, (186)). 

^ Certain special features of the protoplast (light-reflecting bodies, vesicular- 
cells) are considered later (p. 584 et seq.). 

^ Miranda ((161) p. 378) suggests that the form studied by Westbrook is 
Antithamnionella. 
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tlhe contents of the vacuoles show an alkaline, neutral, or acid reac- 
tion ((2), (122) p. 349, (137) p. 8), while the expressed sap is acid (27); 
aqueous extracts exhibit a/>H ranging between 4*0 and 6*8 ('(136) p. 646). 
The contents of the vacuoles readily take up stains like neutral red or 
cresyl blue (191) which commonly results injthe formation of crystalline 
precipitates ((24) p. 165, (137) p. 8, (i9o)).^^he osmotic pressure is in 
general rather lower than that of Phaeophyceae or Chlorophyceae ((135) 
p. 242); according to Biebl ((12) p. 414, (14) p. 352) it is lower in'deep- 
water (1-5 times that of sea-water) than in littoral forms (2-0-2-2 times 
that of sea-water) and in general corresponds with that of the strongest 
hypertonic solutions that can be withstood without injury. In Ceramiuin 
ciliatum, which is more resistant to plasmolysis than other littoral forms, 
the osmotic value of the sap approaches that of the permanently sub- 
merged forms. 

Chromat©phores and Pigments 

A single chromatophore, which is usually axile and more or less 
stellate in form, is characteristic of many Bangiales (figs. 139 P; 143 
B, R) and a comparable condition is met with in diverse Nemalionales. 
In the peripheral cells of Nemaliony Helminthocladia (fig. 159 B, c), 
LiagorUy etc. the chromatophore, which lies adjacent to the outer walls, 
is asymmetric, the internally directed processes being more strongly 
developed ((197) p. 147, (20^) p. 38, (214) pp. 19, 63); such chromato- 
phores have also been recorded in Acrochaetium ((67) p. 3-71, (214) 
p. 19). The processes arising from such axile chromatophores com- 
monly broaden at their periphery (fig. 139 P, pe\ cf. Desmids, i, 
p. 344), and in elongate cells these parietal enlargements may become 
band-shaped and assume very irregular shapes, sometimes forming 
an almost continuous layer ((259) p. 610). The occurrence of parietal 
chromatophores in diverse Bangiales (fig. 139 H) and Nemalionales 
(Naccariaceae; ScinatUy fig. 159 E, c; Batrachosperrnum) suggests a 
possible derivation of the parietal from the axile type by elimination 
of the central body of the chromatophore. 

It is essentially in the forms possessing axile chromatophores that 
the spherical bodies known as pyrenoids ((39) p. 207, (112) p. 327) 
occur, although they are also found in the parietal chromatophores of 
some species of Acrochaetium (fig. 148 F,/)) and Rhodochorton (fig. 149 
C~E, />; (III)); they are not, however, present in all Bangiales and 
Nemalionales. Like the pyrenoids of Chlorophyceae they constitute 
denser parts of the chromatophore, but they do not show the same 
contraction on fixation and do not stain so deeply ; moreover, although 
grains of Floridean starch are sometimes grouped around the pyre- 
noids (fig. 139 P, j), there does not appear to be direct contact and the 
relation is not so definite as in Green Algae. In Nemalion and 
Helminthocladiay Schmitz ((214) p. 63) records pyrenoids also within 
the processes of the chromatophore and believes that these arise de 
novo. 




Fig. 139. Chromatophores, etc. of Rhodophyceae. A-C, structure of cell- 
membrane; A, Bornetia secundiflora (J. Ag.) Thur. ; B, Callithamnion thuyoides 
(pngl. Bot.) Ag. ; C, Antithamnion cruciatum (C. Ag.) Naeg. D-M, P, chro- 
matophores; D, Chondrus crispus (L.) Stackh. ; E-G, Phyllophora membrani- 
folia (G. et W.) J, Ag. ; H, Rhodospora sordida Geitler; I, Ceramium sp.; 
J, K, Asparagopsis armata Harv. ; L, M, Cystoclonium purpureum (Huds.) 
Batt.; P, Asterocytis smaragdina Reinsch. N, O, Q, Floridean starch; N, 
Ptilota plumosa (L.) Ag. ; O, Gracilaria dura (Ag.) J. Ag. ; Q, grains of Flori- 
dean starch viewed in polarised light. R, Griffithsia, part of a plasmolysed 
cell, a, axial cell; c, pe, chromatophores; co, cortex; dy depression on starch- 
grain; iy inner arid o outer strata of wall; «, nucleus; />, pyrenoid; piy pit; 
Sy starch-grains. (A after Strasburger; B, C after Berthold; D-G after 
Darbishire; H, P after Geitler; I after Schimper; J, K after Svedelius; 
L, M after Kylin; N after Bruns; O after Hansen; Q after Czurda; R after 
Hdfler.) 
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A single large parietal chromatophore is found in the photo- 
synthetic cells of certain of the more specialised Florideae, for instance 
in Hildenbranditty Agardhiella ((183) p. 410), Dumontia ((54) p. 437), 
Polyides ((47) p. ii), Chondrus (fig. 139 D), and Phyllophora (fig. 139 
E-G). In the older cells such chromatophores often become lobed or 
divided (figs. 139 G; 254 I, c) and in Polyides they break up into a 
number of band-shaped structures. More usually the cells of 
Florideae contain considerable numbers of parietal chromatophores 
from the first. Where recognisable (Callithamnion, Spermothamnion) 
they appear within the apical cells as lenticular discs, although in 
many Florideae (e.g. Polysiphonia, Ceramium) these cells are almost 
colourless ((206) p. 42, (214) p. 87). The lenticular form may be retained 
in the mature cells, as in many Delesseriaceae (fig. 190 B), Coral- 
linaceae ((198) p. 212), diverse Ceramiaceae ((214) p. ii), etc., and in 
such instances the chromatophores are usually numerous. Commonly, 
however, they are fewer and irregularly lobed (Asparagopsis, fig. 139 
J, K) or band-shaped (e.g. Furcellaria, Cystocloniuniy fig. 139 L, M), 
contiguous ones often fitting closely together. In diverse Ceramiales 
((214) p. 83) and in Lemanea (152) the rounded chromatophores of the 
apical cells develop into ribbon-shaped ones which may be lobed or 
branched. 

The shape of the chromatophores often depends on that of the cell 
and may vary appreciably in different cells of the same individual. 
Thus, in the cortical bands of Ceramium (fig. 139 I, co) the chro- 
matophores are irregularly shaped and almost isodiametric, while in 
the axial cells (^/) they appear as elongate ribbons ((i 14) p.223, (206) p. 43). 
The branchlets of Crouania attenuata ((15) p. 231) contain a parietal 
chromatophore with irregular processes, whereas in the axial cells 
there are delicate and widely separated ribbons. Similar differences 
are described by Berthold ((9) p. 6) between the outer and inner cells 
of diverse Cryptonemiales. Movements of the chromatophores under 
different conditions of illumination have been studied in a number of 
Florideae (cf. (219) and p. 584). 

The evidence for the origin of chromatophores from mitochondria 
(177) is inconclusive. In the fertilised carpogonia of Lemanea and other 
Florideae Mangenot ((152), (154) p. 195 ; cf. also (23)) records decrease in 
size of the chromatophores followed by fragmentation and discolora- 
tion which results in the formation of a quantity of rods and granules ; 
similar bodies are found also in the young carpospores, but during 
germination some of them enlarge and, acquiring pigment, give rise to 
chromatophores. Comparable changes probably occur in many 
Florideae, although the carpogonia often lack pigmented chromato- 
phores already before fertilisation. 

The substance of the chromatophores is semi-fluid ((10) p. 173, (n), 
(114) p. 230, (145) p. 89) and under certain circumstances they exhibit 
amoeboid changes of form and undergo fusions. They are readily 
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affected by dilution of the surrounding medium ((12) p. 397). The green 
colour, which is usually assumed by Red Algae when boiled in distilled 
water and which is due to alteration of the phycoerythrin, is ascribed to 
the alkaline reaction of the chromatophores ((136) p. 648). 

The coloration of the chromatophores ^ is larg ely due t o tw o water- 
soluble pi^Hus7~^K^ed"j^%^o^/^y? and the blue phycocyantn 
'N^ich obscure tbe other plgrhents. Chlorophyll S,lFj:)resent~at all, 
is found only in small traces ((129) p. 45, (222) p. 7^, (228) p. '45BX"wFile 
botfiTcardtene’anJ xanthophyll are present ((117) p. 113, (267) p. 241). 
Receiffly7lj92)7 (129) p. 48, (138) p. 7) itjhas been shown that there are 
a number of carotenoid pigments. The cElorophylT-cpntent is com- 
paratively low (146-^8), although, like that of phycoerythrin, greater in 
deep water^hd feebly illurninatecb/orms which also show an increased 
ratio of phycoerytHrin to chlorophyll (146,147). THe cIffoTopHylK 
is stated to be higher in arctic types (103). The normal sterol of RHodo- 
phyceae is sitosterol, but this is not without exception ((22) p. 106); 
Polysiphonia nigrescens is stated to contain fucosterol. Flavin ((250) 
p. 258) is widely represented, especially in Iridaea. 

The accessory pigments, whicH resemble those found in Myxo- 
phyceae (p. 781), are of the nature of proteins^ and show character- 
istics similar to those of globulins ((116) p. 235, (140), (163) p. 181, (164)). 
They can be extracted from fresh material by prolonged treatment 
with distilled water, although the pigments of certain Florideae 
{Griffithsia, Phyllophora nervosa; (86) p. 296, (118) pp. 398, 420, (140) 
p. 78) only pass very slowly through the cell-membranes. The phyco- 
erythrin is precipitated from the solution by addition of crystallised 
ammonium sulphate and purified by repeated recrystallisation. 
Further fractional precipitation of the original solution gives phyco- 
cyanin in a crystalline form. The pure solution of phycoerythrin is 
carmine red and shows a marked orange-yellow fluorescence in re- 
flected light (cf. also (217) p. 305), while that of phycocyanin is indigo 
blue and exhibits dark red fluorescence (cf. also (49), (116) pp. 186, 213). 
In certain Rhodomelaceae, with a red or reddish-brown colour (e.g. 
Rhodomela subfusca, Polysiphonia nigrescens)^ the phycoerythrin - 
solution shows only a faint fluorescence ((69) p. 191, (uS) p. 423, (119) 
P- 532, (132) p. 3, (233) p. 4004) which has been ascribed ((22) p. 106, 
(140) p. 78) to admixture of brown pigments, although this is disputed 
by Kylin. 

Thejg:ystals of phycoery^thrin ar^Jiex agonal prism s ((116) p. 187, 
(163) p. 179)7 while those of phycocyanin are rhombic pl ates ((164) 

^ See (134) p. 14, where the older literature is mentioned. 

^ Hanson (87) disputes this for phycoerythrin, but it is very doubtful 
whether he worked with pure material (cf. also Molisch in Zeitschr. Bot. 2, 357, 
1910). Lubimenko (147), finding that the ratio between chlorophyll and 
phycoerythrin changes by a definite multiple in deep-water forms, concludes 
that they are chemically allied and that only one natural pigment is present 
(cf. also (31) p. 25). 
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p. 133). Crystals o f phycoery thrin (the rhodospermin of Cramer (3 8); 
cf. also (86) p. 301, (104) p. 290J and phycpcyanin ((nS) p. 422) are 
sometimes found in dead cells. Both chromoproteins consist of a 
c6IouF-“^d“a proterh-component ((116) p. 236, (141)) which can be 
separated by treatment with acids or alkalis. The pigments are de- 
composed by^ strong Jjght, but phycocyanin is more susceptible than 
phycoerythrin. Both the total amount and the relative proportions 
of the two pigments vary in different seasons, but these variations do 

A B 
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Fig. 140. Absorption-spectra. A, phycoerythrin of Rhodophyceae. B, phyco- 
erythrin of Myxophyceae. C, blue-green phycocyanin. D, blue-violet phyco- 
cyanin. (B after Boresch; the rest after Kylin.) 


not depend only on changes in light-intensity ((60) p. 86, (n6) p. 233, 
(■40) P- 53)- . 

The solutions of phycoerythrin and phycocyanin afford charac- 
teristic spectra (cf. also (42), (196) p. 204). That of the former (fig. 140 
A) normally shows three absorption-bands, which are situated in the 
green and blue between the lines D and F ; in Sehdenia Monardiana 
there are only two bands ((63) p. 88, (19s) p. 88, (233) p. 4005). Two 
modifications of phycocyanin have been distinguished in Florideae 
((42), (116) p. 229, (118) p. 423, (132) p. 5, (16s), (229) p. 38), viz. a bluish- 
violet one extracted from Ceramium rubrum^ with two absorption- 
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bands in the orange-yellow and green between the lines C and E (fig. 
140 D), and a blue-green one extracted from Batrachospermum and 
LemaneQy with only a single absorption-band in the orange-yellow 
between the lines C and D (fig. 140 C) ; the letter is widely distributed 
in the Blue-green Algae. 

The brilliant red colours exhibited by deep-water Florideae are, 
according to Kylin ((119) p. 536, (132) ; cF. also (233) p. 4005), conditioned 
by the presence of considerable amounts of phycoerythrin, while 
phycocjanTn isTackirig. The diverse (cf. also (6) p. 416, (62) p. 23H) 
shades of pur pF^ dark brownish-red, reddish-violet, or violet ex- 
hibited by the littoral forms are, on the other hand, ascribed to in- 
creasing admixture of phycocyanin. The red-violet littoral foirn of 
Chondrus crispus contrasts with the bright red submerged form which 
lacks phycocyanin ((uS) p. 405). A high proportFon of the latterls rhet 
with in Gigartina stellata and Rhodymenia palmata. Many littoral 
Rhodophyceae at times exhibit brownish, greenish or yellowish tints. 
The freshwater Florideae (Batrachospermum^ Lemanea), which in 
general show dark green or blue-green colours, nevertheless contain 
both pigments ((nS) p. 397), a reddish coloration becoming apparent 
after death or when the alga is grown in the shade {ii)\ Aster ocy Us 
ornata and some Batrachospermums (e.g. B. vagtim) are, however, 
believed to lack phycoerythrin. Heilbronn (93) has shown that the 
depth of coloration of Sphaerococcus depends on the intensity of the 
light. 

Many Florideae are very sensitive to light-intensities higher than 
those obtaining in the deep-water habitats which they normally 
frequent^ ((6) p. 415, (178) p. 288, (179) p. 406, (182) p. 385); a number 
of such seaweeds often flourish in caves and other feebly lighted 
situations in the littoral region ((115) p. 223, (169), (201), (205) p. 485). 
It is evident, however, that by no means all Red Algae are shade- 
forms, as little as all marine Chlorophyceae are sun-forms. Apart 
from the data already given (cf. pp. 4, 398), it may be noted that 
certain Rhodophyceae (Bangia, Porphyra, Endocladia, some Poly- 
siphonias) are specially characteristic of the upper zones of the littoral 
region, while others can thrive in shallow moving water in the strong 
light of the Mediterranean summer ((6) p. 416). Svedelius ((234) p. 200) 
describes how diverse Red Algae (especially Rhodomela crassicaulis 
Harv., Corallopsis Opuntia J. Ag.) are exposed on the coral-reef at 
Galle in Ceylon without apparent damage (cf. also (15) p. 488, (239) 
p. 1 17). The recent researches of Montfort ((167,169); cf. also (139)), 
moreover, show that the same species can exist in different light- 
habitats, the photosynthetic capacities being adapted in each to the 
prevailing light-intensity. Even among shade-forms there are marked 

^ For the rate of reduction of the light-intensity in sea-water, with in- 
creasing depth, see (2a), (29), (106) p. 230, (189), (221) p. 597, (223) p. 155 and 
other literature there cited. 
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differences in the power of accommodation to stronger light ((171) 
P- 54 )- 

Investigations of photosynthesis at diverse depths of submergence 
((66) p. 184, (167), (168), (246)) or in light of different intensity ((63), (172), 
(194) p. 287) demonstrate that deep-water (shade) forms among 
Rhodophyceae carry on appreciably more photosynthesis in feeble 
light than sun-forms like Fucus vesiculosus and green littoral types 
(species of Cladophora^ Enteromorpha, etc., cf. also (56) p. 840). On 
the other hand Red Algae from well-lighted habitats have, in the 
natural illumination of deep water, no advantage over shade-forms 
among Chlorophyceae ((170a) p. 547), while shade-forms among 
Phaeophyceae {Dictyota^ Desmarestia (66) p. 186) do not differ 
appreciably in their capacity for photosynthesis, under such circum- 
stances, from Red Algae belonging to the same horizons. Red Algae 
rich in phycocyanin make a better use of stronger light than those 
poor in this pigment. The lower limits to which the permanently 
submerged forms can penetrate must of course depend on their com- 
pensation points, which in turn are in large part dependent on 
constitutional features. The absolute value for photosynthesis in 
Gigartina Harvey ana is stated to be not far below that obtained with 
leaves of Helianthus (56). 

Since Engelmann (57), with the help of his bacterial method, con- 
cluded that Algae synthesise best in light of the complementary 
colour, this question has been the subject of repeated investigation. 
Engelmann himself ((58) p. 91) found that Red Algae, illuminated by 
a projected microspectrum, exhibit maximum photosynthesis in the 
green, and this has since been corroborated by diverse other experi- 
mental methods. Thus, Richter ((194) p. 285), determining photo- 
synthesis by the amount of oxygen produced, established that Red 
Algae {Callithamnion, Delesseria) were more efficient in green light 
than Chlorophyceae from the same horizons (cf. also (195)). Wurmser 
(260), estimating photosynthesis in red, green, and blue light of known 
energy-value by the colorimetric method,^ found that Rhodymenia 
palmata exhibited more photosynthesis in gr«en light than Ulva 
Lactuca (cf. also (264)). Ehrke (ss) compared the photosynthesis of 
Enteromorpha compressa and Delesseria sanguinea in weak light of 
different wave-lengths but equal intensity and arrived at the con- 
clusion that the green alga exhibited maximum photosynthesis in red 
and the red alga in green light (cf. also (56) p. 839, (148), (210) p. 568). 
Red Algae also photosynthesise more strongly than Brown {Dictyota) 
in green light ((170a) p. 522). 

According to the theory of complementary chromatic adaptatioh (64) 
the broad distribution of Green, Brown, and Red Algae, at progres- 
sively lower levels on the shore, is an outcome of the chromatic 
adaptation of the two last to the special colour of the light to which 

^ The methods are criticised by Harder {Zeitschr. Bot. 15, 359, 1923). 
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they are normally subjected; owing to differential absorption oi me 
rays of different wave-lengths there is, in deeper water, an almost 
complete elimination of the longer ones (iza) p. 149, (73), (221) p. 598). The 
littoral Phaeophyceae do not fit into this picture at all, although the 
possession of fucoxanthin, with its capacity for absorbing blue rays, 
probably gives such forms as can exist in deep water some advantage 
(p. 31). The discussion of the theory of chromatic adaptation, so far 
as it concerns seaweeds, has in fact mainly centred about the Rhodo- 
phyceae. A considerable number of these, however, frequent the 
littoral region. Moreover, the evidence that Red (or Brown) Algae 
possess the capacity to adopt a colour complementary to that of the 
incident light, such as is established for certain Blue-green Algae 
(p. 783), is altogether inconclusive ((93) p. 8, (179) p. 433). Gaidukov’s 
((65); cf. also (174)) contention that the green colour assumed by 
Porphyra laciniata, after exposure to strong red light for 10 hours, is 
an example of such adaptation, is erroneous, since the colour-change 
no doubt depends on decomposition of the accessory pigments (cf. 
(134) p. 20, (201)). Such green-coloured Rhodophyceae {ChondruSy 
Gigartinay Laurencia) are not uncommonly found in the littoral 
region (cf. ( 88 ) p. 348, (174), (193) p. 89, (208) p. 331), their photo- 
synthetic efficiency in strong light being less than that of the accom- 
panying Chlorophyceae(i7o) or corresponding submerged forms. 

Richter (1 94) was the first to point out that the littoral Red Algae do 
not exhibit the greater photosynthetic efficiency in green light shown 
by sublittoral types, and this has been fully corroborated by Montfort 
(i7o<t). Richter’s results led him to deny all participation of the 
accessory pigments of Rhodophyceae in photosynthesis, the superiority 
shown by sublittoral forms being ascribed solely to a higher capacity 
for utilising the available light. It cannot be doubted, however, that 
the accessory pigments of the numerous Red Algae, that flourish in 
the greenish-blue light of deeper water, will confer a decided ad- 
vantage upon them with respect to light-absorption (cf. (221)). It is 
still, however, a debated question how far their more efficient photo- 
synthesis is due to increased capacity for light-absorption ((*7) p. 56, 
(63), (89) p. 348, (172) p. 43, (195)) or how far it is due to a “ plasmatic” 
factor allowing of a more efficient use of the available energy ((169), 
(171) p. 52). Diverse authorities ((55) p. 663, (89) p. 348, (182) p. 385) are 
of the opinion that both factors are involved, while some consider 
that the accessory pigments act as photosensitisers ((87) p. 340, (119) 
p. 543, (134) p. 21, (140) p. 54). The dark-violet shade-inhabiting 
Florideae can also use yellow light for photosynthesis ((170) p. 201). 

The Photosynthetic Products 

The characteristic photosynthetic product in Rhodophyceae is a 
polysaccharide, usually spoken of as Floridean starchy which occurs 
abundantly in certain cells in the form of small solid grains ((s)* (18) 
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p. 173, (196) p. 218, (214) p. 151). Some of these, generally of smaller 
dimensions, lie fre e in t h e cytopl asm, whilst others are apposed to the 
chromatophores, although never deposited within their substance; in 
Phyllophor a ((43) p. 23) an d Chondrus ((44) p. 20) Darbishire record s 
t heir formation in contact with leucoplasts (cf. however (247) p. 153). 
A direct participation of the chromatophores in the formation of the 
grains is denied by some ((5) p. 226, (15s), (206)), but this is not the 
general opinion, although it remains uncertain whether the free grains 
arise within the cytoplasm itself ((39) p. 205, (207) p. 88) or are such 
as have become detac hed from the surface of the chro m atophores 
((94) p. 365, (i2o) p. 190, (134) p. 2). The grains arc sometimes aggre- 
g ated around the nucleus (i, fig. 2 fl; (155), (214) p. 153) and thisTias 
Been regarded as the normal seat of their formation. Where pyrenoids 
occur, the starch-grains are often distributed around them (fig. 1 39 P, ; 
(67) p. 369), and such pyrenoid-starch may possess a greater degree of 
permanency than the rest. 

The larger grai n s arc commonly basin-shaped (fig. 139 N) or 
conic al (fig. 139 O), with an obvious depression {(J) on one surface 
((18) p. 174, (86) p. 285, (94) p. 365) which is regarded ((120) p. 190) as 
marking the point of contact with the chromatophore: Mangenot(i55 ) 
also records irre gu lar polyhedral shape s. An occasional faint strati- 
ficati^(fig. 139 Q) is evident, while the radial splits which appear on 
the application of slight pressure indicate a possible sphaeritic struc- 
ture. The grains exhibit marked double refraction, showing a dark 
cross (fig. 139 Q) when viewed between crossed Nicols (241). They 
4wei ) readily in hot water, potash, chloral hydrate, and iodine reagents. 
Grains, swollen by prolonged treatment with the last, often show 
differentiation into a central, more deeply stained, and a peripheral 
lighter-coloured region ((18) p. 175). According to Oltmanns ((182) 
p. 204; see also (47) p. 14) the latter is surrounded by a single or 
double ring of rounded granules, a fact which led him to suggest that 
the central region might be of the nature of a pyrenoid; it is difficult 
to find any support for this view (cf. (39) p. 209). 

On treatment with iodine-solution X £ jl 8) p. i 7 c: |thc grains arc at firs t 
c oloured yellow or yellow-brown, but, as swelling sets in, the tint 
changes to red, red-violet, or blue. If sw'elling is previously induced by 
treatment with hot water or chloral hydrate, violet or blue shades appear 
at once with iodine ((108) p. 36) ; occasional direct coloration, after treat- 
ment with chloral hydrate (e.g. in Sperm othamnion Turneri), is no doubt 
due to the iodine-content (p. 587) of the alga. The colour assumed with 
iodine-reagents varies considerably, both in different species and in one 
and the same species ((94) p. 366), but the deep blue shades typical of 
the starch-grains of higher plants arc not often obtained, the most 
frequent tints being red or reddish-violet ; Mangenot (155) also records 
brownish shades. While Kolkwitz ((108) p. 35) concluded that there was 
no essential difference from the starch of other plants and Bruns ((i8) 
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p. 177) rega rded Floridean st arch as equivalen t to the so-^called r^ d 
starch found in ^yristimy etc., Schimper ((ao^p. 88) denied any close 
relation between it and that of other groups. Belzung ((5) p. 221) wa s 
o f the opinion that it con si sted largely of amylodextrin , while Mangeno t 
(153 >154) recognises a resem blance to glycogen. The evidence seems 
to indicate that it is a substance allied to, buFnot identical with, the 
starches of higher plants ((21), (120) p. 190, (134) p. 24, (166) p. 389). 

Kylin ((120) p. 19 1) showed that the starch, removed from Fur cel- 
laria fastigiata by mechanical means, gives dextrose on hydrolysis 
with weak acids, while treatment with malt diastase results in the 
formation of sugars. Bartholomew ((4) ; cf. also (46)) extracted from 
diverse Red Algae a diastase which digests maize-starch, although 
more slowly than ordinary diastase. The starch is no doubt a reserve- 
substance (108) ; this is shown inter alia by its marked accumulation in 
perennating structures (e.g. the midrib of Delesseria, p. 534) and its 
decrease on the resumption of growth ((70) p. 260). 

The nature of the primary product of photosynthesis in Red Algae 
still remains uncertain, although Kylin ((122) p. 355, (127) p. 243) be- 
lieves he has established by macrochemical means the presence of 
small quantities of dextrose (cf. however (32) p. 154). Mannitol, 
commonly found in Phaeophyceae (p. 33), does not occur in Red 
Algae ((7^0 p. 53, (81) p. 61, (127) p. 243), but other sugar alcohols 
(dulcitol, sorbitol) have been demonstrated in Bostrychia (79,80) and 
Indaeaig^). Alcoholic extracts of Florideae (especially of Rhodymenia 
palmata which contains little starch) are dextrorotatory and, when con- 
centrated, have a sweet taste ((34), (122); cf. also (218) p. 103); after 
treatment with strong acids they reduce Fehling’s solution. Such 
extracts have afforded crystals of a galactoside of glycerol ((32), (36), 
(76) p. 63) which has been named floridoside (cf. also (8i.8irt)). This 
substance may constitute another food-reserve. In Rhodymenia 
palmata its accumulation begins in May and increases to a maximum 
in summer (35), while in Corallina squamata (82) it is highest towards 
the end of May and least at the end of January. Lemanea is stated (33) 
to contain trehalose, as well as floridoside and a glycogen-like sub- 
stance. Kylin ((122) p. 350) records oxalates in diverse Florideae, and 
crystals of calcium oxalate have been observed in the axial cells of 
Spyridia ((104) p. 315). Fats do not appear to occur in any considerable 
quantity in Red Algae ((81) p. 58). 

Nitrates can be demonstrated in many Rhodophyceae, often 
especially in the older parts ((122) p. 340, (231) p. 84, (232) p. 108), 
although lacking in some (Polysiphonia); in Ceramium ruhrum they 
make up 1*5% of the dry weight. Haas and Hill ((80 p. 65, (81O, (82), 
(83)) find an accumulation of pentapeptides in Corallinaceae and 
Griffithsia and suggest that their presence may be due to a lack of 
balance between carbon and nitrogen metabolism owing to the de- 
pression of photosynthesis as a result of low light intensity. Crystal- 
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loids (fig. 147 N, cr), probably composed of proteins, are not un- 
commonly found floating in the cell-sap ((104) p. 290, (105), (268) p. 184), 
although stated ((40), (61) p. 10, (185) p. 2) to lie in the cytoplasm in 
Ceramium and Monospora. Lewis ((144) p. 649) records rounded 
protein-masses in Griffithsia. 

Although no generalised statement is possible in the present state of 
our knowledge, it is clear that the metabolism of Rhodophyceae differs 
appreciably from that of other algal classes. This is perhaps also shown 
by the frequent deposition of iodine-compounds in special cells 
(p. 586). Vitamins (265,266) are specially abundant in Porphyra. 

The Nucleus 

The cells of the less specialised Rhodophyceae (Bangiales, Nema- 
lionales) are always uninucleate ((134) p. 5, (211)) and this is also so in 
many Cryptonemiales (e.g. Dumontia^ Polyides, Gloeosiphonia ((9) 
p. 7) and Gigartinales (e.g. Furcellaria, Calosiphonia). In other in- 
stances the older cells are multinucleate (Gelidiales, Rhodymeniales, 
many Ceramiales), while in Griffithsia and Bornetia this is even true 
of the apical cells. The number of nuclei is by no means always pro- 
portional to the size of the cell ((213) p. 123); in Plocamium ((128) p. 51), 
for instance, the axial cells contain a single huge nucleus, 30-35 /x in 
diameter, whilst the surrounding cells possess a number of small ones 
(cf. also (128) pp. 86, III). The axial cells of Ceramiaceae, however, 
contain larger nuclei than the peripheral cells ((204), (257) p. 571). The 
diverse types of reproductive cells are invariably uninucleate. 

The resting nuclei of the vegetative cells are for the most part of 
small size, with an average diameter of 3 /x ((134) p. 6 ) ; in some species 
(Chondrus crispus, Calliblepharis ciliata) they are exceptionally minute 
((254) p. 151). According to Svedelius ((23s) p. 310) the nuclei of tetra- 
sporangiate plants of Delesseria sanguinea are larger than those of 
sexual plants, but this does not appear to be a general rule. The 
nuclei^ exhibit a prominent nucleolus (sometimes several) and a well- 
developed network with numerous chromatin grains (fig. 141 A), 
although the chromatin-content is often rather scanty. Nuclei of 
irregular shape have been recorded in some Ceramiales ((204), (23s) 
p. 306). 

At the commencement of mitosis ^ the nucleus enlarges, the chro- 
matin grains increase in size -and decrease in number, probably as a 
result of fusion (fig. 141 B, C, O, P), and the network is often de- 
scribed as coarser. The chromatin grains are frequently arranged in 
rows (fig. 1 41 L), but no typical spireme has been recorded. At the 
end of prophase the short, and commonly in great part rounded, 

' See (53) p. 553 , P- 39 , (123) p. loi, (128) pp. 25, 71, 87, (185), (235) 
p. 307, (254) p. 15 1, (255), (261) p. 403, (262) p. 91. 

* For meiosis, see p. 604. 
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chromosomes are constituted (fig. 14 1 F, R, c). The spindle is intra- 
nuclear in Polysiphonia (fig. 14 1 E), Griffithsia globifera ((144) p. 646), 
and Spermothamnion Turneri ((53) p. 568), but most investigators 
describe it as lying freely in the cytoplasm (fig. 141 K). Yamanouchi 
records centrosomes in Polysiphonia (fig. 141 D,ce) and Corallinay and 
they have also been reported in Laurencia, but for the most part such 
structures have not been seen during mitosis in Red Algae. The 
nucleolus disappears as the chromosomes become aggregated on the 
equatorial plate (fig. 141 E, K) and is reconstituted in each daughter- 
nucleus. 

Most authorities deny any participation of the nucleolus in the de- 
velopment of the chromosomes, but in Nernalion ((30) pp. 327, 341, (259) 
p. 621), Griffithsia ((144) p. 646) and Dumontia ((54) p. 453) so-called 
carysome-nuclei are recorded and the chromatin is stated to pass out 
of the nucleolus at the commencement of mitosis; Kylin ((123) p. loi) 
attributes this to poor fixation. The peculiar resting nuclei described 
by Mathias (157) in certain Ceramiaceae have not been observed by 
other investigators and are probably to be attributed to the same defect 
(cf. (255), (257) p. 572). 

The resting nuclei of Bangiales ((4O p. 199) and of the less specialised 
Nemalionales (Batrachospermum, Lemaneay Nernalion, (124) p. 258, (126) 
p. 156, (128) p. 8) contain a large nucleolus but, apart from that, appear 
almost devoid of structure. The spindles in Nernalion are stated to be 
intranuclear, which is denied by Kylin, while Wolfe (259) records 
centrosomes. The nuclei of Scinaia and Bonnemaisonia ((i24«) p. 549) 
appear to resemble those of the more specialised Florideae. 

The General Features of Reproduction 

Sexual reproduction in Rhodophyceae is invariably oogamous. The 
female organ (carpogonium, fig. 221), which usually bears a special 
receptive process (trichogyne), exhibits retention of the single ovum 
and the latter shows no contraction either before or after fertilisation. 
The male organ (antheridium) produces a single motionless male cell 
(spermatium, fig. 222) which is conveyed passively to the trichogyne. 
The zygote, either by direct division as in Bangiales or after the pro- 
duction of filamentous outgrowths (gonimoblasts) as in Nemalionales, 
gives rise to a number of sporangia, each forming a single naked spore 
(carpospore). In most Florideae, however, the gonimoblasts do not 
arise directly from the zygote, but from other cells (auxiliary cells) 
which either belong to the same branch-system as the carpogonium 
(fig. 224 E, F, a) or are more or less widely separated from it (fig. 
224 G, a). Intimate combinations of carpogonia and auxiliary cells 
are termed procarps, and in them there is direct fusion between the 
carpogonium and the auxiliary cells, while when the latter are 
spatially separated, the products of the zygote-nucleus are conveyed 
to them by special connecting filaments (fig. 224 G, co), frequently 
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Fig. 14 1. Nudeus and vegetative nuclear division. A- 1, Polysiphonia violacea 
(Roth) Grev. (after Yamanouchi), germinating tetraspore; A, resting nucleus; 
B, C, two sections of same nucleus in early prophase ; D, late prophase, with 
centrosomes; E, metaphase; F, polar view of equatorial plate, 20 chromo- 
somes and remains of nucleolus; G, anaphase; H, late anaphase, original 
nuclear membrane entirely dissolved; I, polar view at late anaphase. J-N, 
Delesseria sanguinea (L.) Lamour. (after Svedelius) ; J, late prophase of tetra- 
sporic plant; K, anaphase; L-N, margin of frond of a tetrasporic plant, 
showing nuclei in different stages of prophase. O-R, Rhodomela virgata 
Kjellm. (after Kylin), prophase stages from a tetrasporic plant, r, chromo- 
somes; cet centrosomes; n, nucleolus. 
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elongate and usually several in number. A descendant by division of 
the zygote-nucleus passes into the auxiliary cell and, after degenera- 
tion of its nucleus, gonimoblasts producing carpospores arise from the 
auxiliary cell. In many Florideae there is a marked fusion of cells 
during the development of the gonimoblast, a process connected with 
the supply of nutriment to the maturing carpospores. 

Reduction occurs either at the first divisions of the zygote-nucleus 
(Bangiales, Nemalionales) or it is postponed and takes place in special 
tetrasporangia, borne on individuals distinct from, but morpho- 
logically identical with, the sexual plants (other Florideae). In 
Bangiales and Nemalionales there are thus two haploid phases (the 
sexual individual, the carpospore-bearing stage) and the life-cycle is 
haplobiontic ; in the remaining Rhodophyceae there are two diploid 
phases (the carpospore-bearing stage, the tetrasporangiate individual) 
and the life-cycle is diplobiontic. With few exceptions the tetra- 
sporangia form four spores which exhibit three types of arrangement 
within the sporangium (cruciate, zonate, tetrahedral, fig. 225). Direct 
reproduction of the sexual phase by means of accessory spores 
(usually monospores) is met with especially in Bangiales and Nema- 
lionales. The reproductive features of Florideae are discussed in full 
on p. 591 et seq. 


Classification and Status of the Rhodophyceae 

The Rhodophyceae are at present grouped in seven orders (cf. (130) 
p. 1 13, (131) p. 90, (181) p. 378),^ six of which belong to the Florideae. 
These orders are mainly distinguished by details of reproduction, 
although vegetative features are commonly also of significance. This 
will be evident from the following brief epitome : 

A. Bangioideae. Simple forms with diffuse growth, never exhibiting 
aggregation of filaments and devoid of pit-connections ; sex organs little 
specialised; carposporangia formed by direct division of the zygote. 
Terrestrial, freshwater, and marine. Only order 

I. Bangiales. Unicellular, colonial, filamentous, or parenchy- 
matous forms, commonly with a single axile, stellate chromatophore 
in the cells; haplobiontic; accessory reproduction by monospores. 

B. Florideae. Filamentous forms, usually exhibiting aggregation of 
one or more branched filamentous axes to form compact pseudo- 
parenchymatous thalli ; pit-connections invariably present between the 
cells; sex organs highly differentiated; carposporangia formed on 
filamentous gonimoblasts derived directly or indirectly from the zygote. 
Largely marine. 

^ The order Nemastomales at first distinguished by Kylin was subse- 
quently merged in the Gigartinales (133). No essential contribution is made 
by Wiike (258). 
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II. Nemalionales. Heterotrichous, with uni- or multiaxial con- 
struction, cells commonly with a single chromatophore ; haplo- 
biontic; gonimoblasts usually arising from the carpogonium; 
accessory reproduction by monospores or tetraspores. Some fresh- 
water forms. 

III. Gelidiales. Uniaxial; probably diplobiontic, but without 
auxiliary cells ; compound procarp (see p. 628) ; tetrasporangia usually 
cruciate. 

IV. Cryptonemiales. Uni- or multiaxial, with evident or indistinct 
heterotrichy in the young stages ; diplobiontic ; auxiliary cells some- 
times remote from the carpogonia, both borne on accessory laterals 
whi^ are sometimes aggregated into special fertile tracts (nema- 
th^a, conceptacles) ; tetraspores cruciate or zonate. 

V. Gigartinales . Uni- or multiaxial, heterotrichy of juvenile stages 
often indistinct ; diplobiontic ; procarps frequent, with auxiliary cells 
commonly lodged in the carpogonial branches which are borne on 
the ordinary laterals of the thallus ; tetraspores cruciate or zonate. 

VI. Rhodymeniales . Multiaxial, heterotrichy obscure ; diplobiontic, 
with a definite procarp; auxiliary cells not specially differentiated 
until after fertilisation; tetraspores cruciate or tetrahedral. 

VII. Ceramiales. Uniaxial, without heterotrichy; diplobiontic; 
procarp with 4-celled carpogonial branch, always borne on a peri- 
central cell from which the auxiliary cell is cut off only after 
fertilisation ; tetraspores usually tetrahedral, 

yThe Rhodophyceae afford no evidence of relationship to any other 
class of the Algae. Some have sought an affinity with the Myxo- 
phyceae (cf. (31) pp. 28, 36, (156) p. 16, (226) p. 14, (227) p. 670, (243)) 
owing to the presence of similar pigments (cf. however (22) p. 102), 
the absence of motile reproductive cells, and the occurrence in certain 
Blue-green Algae of cytoplasmic connections.) Such a view overlooks 
entirely, quite apart from essential differences in metabolism, the 
barrier constituted by the fundamental contrast in cell-structure 
between the members of the two classes and by the absence of any 
type of sexual reproduction in Myxophyceae. There is no evidence 
that the type of cellular organisation found in the latter has ever 
evolved into that characteristic of most other plants ((68) p. 237). 
Those who uphold the view of an affinity with Blue-green Algae look 
especially to the Bangiales, but here the contrasts are just as patent 
(cf. p. 437). As little can be said in favour of a relationship between 
Bangiales and the Prasiolaceae among Chlorophyceae. 

There is a considerable resemblance (cf. i, p. 284), both in the 
female organ and in the general nature of the life-cycle, between 
Coleochaete and the haplobiontic Red Algae ((21s) p. 250), but the 
differences are far too significant to admit of any question of affinity. 
Several authorities ((45), (so), (74) p. 248, (180) p. 137, (215) p. 243) have 
discussed the question of a relationship with Ascomycetes, the 
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Laboulbeniales in particular being regarded as presenting points of 
contact. I am not sufficiently familiar with these groups, nor is a 
detailed discussion feasible, but such resemblances as have been 
emphasised appear to me to be more of the nature of parallel develop- 
ments and not to afford evidence of any phylogenetic connection. 
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Sub-class I. Bangioideae 
Order BANGIALES 

Most of the Bangiales are probably annuals which enjoy a wide 
distribution over the surface of the earth. They exhibit practically all 
the simpler types of plant-body, although the latter never reaches any 
high degree of elaboration. One series of forms, with a filamentous or 
foliose thallus (Bangiaceae), are essentially marine, while another series 
(Porphyridiaceae), consisting for the most part at least of reduced 
forms, are more frequently met with in freshwater or terrestrial habitats. 
Some such classification has been advocated by most recent authorities 
((78) p. 39, (103) p. 56, (118) p. 193; cf. also (141)), and the vegetative 
structure of the two families will best be discussed separately. 

The thallus of most Bangiales lacks a definite growing point and 
exhibits diffuse growth. Adjacent cells are never connected by pits. 
There is typically a single axile, massive chromatophore, more or less 
stellate in shape and including a conspicuous central pyrenoid (fig. 
143 B, P, R). The products of photosynthesis accumulate near the 
chromatophores as solid granules, resembling Floridean starch (132), 
and the varied pigmentation of the cells (91) is due to a form of phyco- 
erythrin and to phycocyanin. The membranes probably consist 
largely of pectic substances (140) ; cellulose has been demonstrated only 
in Porphyridium (37), and Erythrotrichia ((74) p. 420). The nucleus 
(fig. 143 C, I, T, n) is often excentric in position. 

VEGETATIVE STRUCTURE 
(i) Bangiaceae ((h), (9), (47), (60), (80), (103) p. 55, (108), (no)) 

The least specialised members of this family are those grouped as 
Erythrotrichieae. Erythrotrichia ((O p. 14, (30) p. 14b) comprises a 
number of small marine epiphytes, in several of which (e.g. E. 
Boryana (Mont.) Berth. (Porphyra Boryana Mont. (136) pi. 8a), 
E. obscura, fig. 142 J) the plant has the form of a heterotrichous 
filament, the one-layered discoid base (<i), produced first by the 
germinating spore, bearing several, usually unbranched, erect threads 
(e). The degree of development of the disc varies, but in certain indi- 
viduals it is the only part present and gives rise to the spores.^ In 

^ Schmitz ((no) p. 313; cf. also (6) p, 376) founded the genus Erythropeltis 
for Erythrotrichia discigera Berth, in which such reduction often occurs. It 
may be doubted whether there is a basis for generic distinction (cf. (ii) p. 9, 
(30) p. 146, (39), (47) p. 283, (55) p. 80). Kylin ((78) p. 45) advocates the reten- 
tion of Erythropeltis for the heterotrichous species of Erythrotrichia. 



BANGIALES 


424 

Other species, however, the filaments are merely attached by an 
irregularly lobed basal cell (fig. 142 L), supplemented by short 
radiating rhizoids (r) ; this is so in E. carnea and E, ceramicola Aresch. 
(Bangia ceramicola Chauv. (53) pi. 317), the latter often regarded as 
a synonym of the former. The erect filaments may remain uniseriate 
{E, ceramicola), but in certain species (e.g. E. ohscura, cf. (9) p. 26, 
(12) p. 8 ) all except the basal cells become divided by longitudinal, 
often followed by transverse, walls so that the threads assume a 
characteristic clavate form (fig. 142 J, K). 

The freshwater Kyliniella (113), likewise with a heterotrichous habit 
(fig. 142 G), is distinguished by the possession of a parietal chromato- 
phore devoid of a pyrenoid. The elongate erect threads, which are sur- 
rounded by a wide mucilage-envelope, produce only rhizoid-like 
branches by means of which they attach themselves to adjacent plants ; 
they can form secondary discs at their tips. 

Erythrocladia ((n) p. 7, (34) p. 798, (s6) p. 1 12, (103) p. 71), a completely 
prostrate epiphyte or endophyte, forms small discs composed of a 
radiating system of threads in which the marginal cells are often bifid 
(fig. 142 B-D); in some species the discs are several-layered. This 
genus affords an interesting parallel to similar prostrate types among 
Chaetophorales. The chromatophore (c) is a lobed parietal plate with a 
pyrenoid. 

A related form is perhaps constituted by Colaconema^ ((5) p. 8 ), the 
species of which are endophytic in the membranes of various Algae 
(cf. (18) p. 180, (21-23), (120) p. 237). The cells of the irregularly branched 
filaments, which sometimes anastomose, contain parietal plate-shaped 
chromatophores. Although the genus has been placed near Acro- 
chaetium ((7) p. 57, (24) p. 300, (48) p. 89), Rosenvinge ((103) p. 71), as well 
as Howe and Hoyt ((56) p. 113), draw attention to the resemblance to 
Erythrocladia, and further investigation must show whether the two 
genera are possibly but different developments of the same generic 
type. 

Another form with a parietal, markedly lobed chromatophore is 
Porphyropsis coccinea^ ((103) p. 68) which occurs as small one-layered 
Porphyra-like sheets (fig. 144 D). The young stages (fig. 144 E) form 
several-layered cushions, which become vesicular through active 
division of the upper layer ; later the vesicle breaks open and constitutes 
a monostromatic frond which is at first cup-shaped (cf. Monostroma , 
Omphalophyllum). Subsequently numerous rhizoids arise from the 
lower cells. 

The Bangieae, comprising Bangia and Porphyra, show greater 
specialisation. The unbranched threads of the former ((i) p. 16, (31), 
(98), (103) p. 56) may for a time (fig. 142 E) remain uniseriate, but the 

^ Schmitz ((no) p. 452) founded a genus of Rhodomelaceae (cf. also (33) 
p. 531) under the name Colaconema. This has been renamed Colacopsis by 
De Toni ((124) p. 1170). 

^ Porphyra coccinea J. Ag. Kuckuck '((70) p. 390) already expressed doubts 
about the reference of this species to Porphyra. 




Fig. 142. A, Porphyra umbilicalis (L.) J. Ag., habit. B-D, Erythrocladia 
subintegra Rosenv. ; C, D, stages in development of the disc. E, F, H, Bangia 
fusco-purpurea (Dillw.) Lyngb. ; E, part of a young thread ; F, base of an older 
thread, showing rhizoid-formation ; H, part of mature thread. G, Kyliniella 
latvica Skuja. I, Bangia atro-purpurea (Roth) Ag., transverse section of 
mature thread. J-L, Erythrotrichia; J, K, E. obscura Berth., two plants; 
L, E. carnea (Dillw.) J. Ag., base of a thread, c, chromatophore ; d, prostrate 
and e, erect systems ; p, pyrenoid; r, rhizoid. (B after Rosenvinge; C, D after 
Kylin; G after Skuja; I after Reinke; J, K after Boergesen; the rest after 
Taylor.) 
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older cells soon undergo longitudinal division (fig. 142 H) by approxi- 
mately radial walls so that the circular cross-section exhibits fifteen or 
more sectors (fig. 142 I); occasional cells may remain undivided. 
Reinke ((98) p. 276) refers to a dome-shaped apical cell, but later 
workers make no mention ^ this and there is certainly abundant 
intercalary division. The young threads are merely attached by the 
basal cell, but in older plants the lower cells prdduce non-septate 
rhizoids (fig. 142 F, .r) which grow through the thick gelatinous wall 
and spread out over the substratum. 

B, atropurpurea is a characteristic inhabitant of the estuarine parts 
of rivers, where it forms dark-coloured (brown, violet, or almost 
black) tufts, the individual threads being up to 6 cm. long and as much 
as 200 /X wide ; it is also reported from Lake Balaton (107). Woloszynska 
(133) describes band-shaped thalli, often encrusted with lime. The 
marine B . fusco-purpurea ((53) pi. 96), with equally broad but longer 
filaments (10-15 cm.), occurs near high water mark, sometimes in the 
spray zone, and is found especially in winter and spring ;Tt has a 
marked capacity to withstand desiccation ((9) p. 7, (35) p. 185) and 
changes in salt-concentration (127,128). Its dense, dark red or brownish- 
violet tufts are commonly associated with species of Urospora. 

Porphyra ((i) p. 38, (9), (57), (58), (60) p. 241, (102) p. 826, (122) p. 59, 
(132)) is also usually at first a simple filament ((103) p. 64, (122) p. 59) 
which i^ stated ((9) p. 3, (69)) to grow for some time by means of an 
often thr^e-sided apical cell. The abundant longitudinal division, 
which soon spreads from near the tip backwards, leads to the forma- 
tion of a usually one-layered expanse of varying width (fig. 142 A) 
which exhibits diffuse growth. The cells are elongated perpendicular 
to the surface (fig. 144 O) and possess strongly thickened external 
walls covered by a “ cuticle'' (cu). The spores of P, naiadum produce 
a prostrate several-layered cushion from which the upright fronds 
arise ((57) p. 180, ( 68 )), the only instance in which a Porphyra retains 
the heterotrichous condition. 

The attaching system is constituted by thick-walled spreading 
rhizoids, produced on both surfaces from the lower cells of the thallus 
(cf. also (45)) and usually interweaving to form a compact cushion 
from which accessory fronds may later arise. The rhizoids are uni- 
cellular but multinucleate and some are branched; their dilated tips 
can divide into a number of cells. They adhere to the substratum by 
means of their gelatinous walls, as well as by suckers arising on their 
lower sides. Grubb ((4s) p. 139) records penetration of the rhizoids 
to considerable depths into the tissues of Fucus. In some species the 
lower parts of the thalli are possibly perennial ((9) p. 20). 

The species of Porphyra mainly inhabit the rocks between tide -levels 
and a number, which show marked resistance to desiccation ((35) p. 189, 
(88)), form characteristic zones at certain times of the year in the upper 
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littoral region (cf. e.g. (46), (64) p. 1 1, (73) p. 3). The broad thalli are often 
unbranched and commonly have a wavy margin (fig. 142 A), as in 
P. umhilicalis (P. vulgaris Ag. (53) pi. 21 1) which reaches a length of 
30 cm. The narrow P. linearis Grev. ((53) pi. 2), usually regarded as a 
growth-form of P. umbilicalis ((25) p. 29,^(451 p. 132, (96); cf. however 
(20) p. 58, (36) p. 250, (99)), is found mainly in winter and frequently 
forms a belt above that occupied by the latter. Other common species 
are P. atropurpurea (Olivi) De Toni (P. leucosticta Thur.) and P. 
perforata J. Ag., the latter abundant on the Pacific coasts of North 
America. Many species are or have been used as food, for instance the 
‘‘ laver ” of Wales and Scotland which is derived from P. umhilicalis and 
P. laciniata. In Japan species of Porphyra are specially cultivated, being 
grown on prepared twigs which are exposed during winter ((65) p. 22, 
(134)); “Nori” is dried P. tenera. 

(ii) PORPHYRIDIACEAE 

Apart from Goniotrichum (fig. 143 A) and Aster ocytis (fig. 143 E), with 
branched or unbranched filaments, the Porphyridiaceae include 
several, probably reduced, unicellular and mainly terrestrial types, 
the cells of which are commonly aggregated to form brightly coloured 
masses. The commonest, Porphyridium cruentum^ is not infrequent on 
soil and on damp walls, where it forms several-layered blood-red 
mucilaginous strata (fig. 143 H), although when dry the brittle crusts 
are less conspicuous. In Porphyridium (fig. 143 D) the individual cells 
are globose, whereas in Chroothece (fig. 143 T, V) they are ellipsoidal. 
The reference of these diverse forms to Bangiales depends largely on 
the possession of axile star-shaped chromatophores and the presence 
of Floridean starch. 

The species of Goniotrichum ((i) p. ii, (9) p. 26, (n) p. 4, (103) p. 75) 
are minute epiphytes, usually with plentifully branched filaments (fig. 
143 A), possessing thick longitudinal walls (fig. 143 B, F, J). The 
branching is often described as false and like that of certain Myxo- 
phyceae, the upper part of the parent-thread being pushed aside by the 
outgrowth of the part below (cf. fig. 143 B, J), but this requires further 
investigation ((24) p. 230, (85) p. 276), In G. elegans^ the threads com- 
monly remain uniseriate (fig. 143 B, J), but in G. cornu cervi (Reinsch) 
Hauck (G. dichotomum Berth. (47) p. 450), G. Humphreyi Collins ((n) 
pp. 10, 445), and others eight or more rather irregularly arranged cells 
may be seen in the transverse section (cf. fig. 143 F). The older cells 
appear rounded or discoid; all are capable of division. In the little- 
known Neevea ((6) p. 373) the branched, uni- or multiseriate threads 
form sheets which are endophytic in Flustra. 

Phragmonema ((41) p. 373, (137) p. 49), so far only found on leaves and 
walls in hothouses, is distinguished by the presence of several parietal 
band-shaped chromatophores in each cell (fig. 143 K-M, c). The rarely 

^ Bangia elegans Chauv. ((53) pi. 246). According to some the species is 
more correctly named G. Alsidii (Zanard.) Howe ((56a) p. 553). 




Fig. 143. A, B,. F, J, Goniotrichum elegans (Chauv.) Le Jol. A, habit; 
B, F, J, parts of the branching threads. C, D, G-I, Porphyridium cruentum 
(Ag.) Naeg. ; C, stained cell ; D, cell seen at a high focus ; G, old cell ; H, small 
part of a stratum; I, two cells in optical section. E, O, P, Asterocytis\ E, A, 
smaragdina Reinsch, part of an epiphytic thread ; P, the same, young thread ; 
O, A. ornata (Ag.) Hamel, branching thread. K-M, Phragmonema sordidum 
Zopf; K, short thread; L, piece of same; M, cell in optical se.ction. N, Rhodo- 
spora sordida Geitler, small part of a stratum. Q-V, Chroothece mobilis 
Pascher & Petrova ; Q, U, formation of mucilage-strands ; R, T, V, cells from 
cultures, in R in cross-section; S, cells from nature, c, chromatophores ; 
m, mucilage; w, nuclei; pyrenoids; st^ starch. (A, B after Taylor; F, J after 
Rosen vinge ; Q-V after Pascher & Petrovd ; the rest after Geitler.) 
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branched threads are of a dull violet or olive colour and exhibit ready 
fragmentation into single cells. 

The dense tufts formed by Asterocytis ornata^ (A. ramosa (Thw.) 
Gobi; Hormospora ramosa Thw. (53) pi. 213; Goniotrichurn ramosum 
Hauck) consist of branched or unbranched tubular strands of mucilage 
containing variously shaped (commonly ellipsoidal) cells arranged in a 
single row (fig. 143 O) ; the blue-green chromatophore is often excentric. 
This species is widespread in brackish water, and appears to be rather 
indifferent to the salt concentration ; it is probably an eutrophic form 
((83) p. 71, ("2) P- 17). A. halophila (Hansg.) Forti is also recorded from 
freshwater.^ A brackish water form, frequently referred to this genus, 
is Allogonium smaragdinum Hansg. ((41) p. 367, (52) p. 132, (115) p. 121), 
which occurs as short, rarely branched, threads (fig. 143 E) or commonly 
as single cells. In nature the older cells are often filled with starch and 
almost colourless, but in well-nourished individuals the radiating pro- 
cesses of the chromatophores, commonly dilated at their ends, become 
prominent (fig. 143 E, P). The cells can escape from the mucilage- 
envelope and perform slow tortuous movements (loi); a mechanism 
similar to that of Chroothece is suspected. Pascher, in fact, regards 
Asterocytis as a colonial development of the latter genus. 

Chroothece Richterianum Hansg. ((49) p. 353, (sO p. 104), occurring as 
orange- to brownish-yellow mucilage-masses on saline soils in Bohemia, 
is little known, but Pascher and Petrova (93) have described in greater 
detail a second species (C. wo6///s), which forms greyish-yellow mucilage- 
masses on moorland soils. In both species the ellipsoidal cells (fig. 143 
T, V) possess a thick stratified pectic membrane. In nature those of 
C. mobilis for the most part occur in a resting condition (fig. 143 S) in 
which the cells are filled with starch {st) and only the axile part of the 
chromatophore (c) persists, but if kept in the dark the starch vanishes 
and the stellate-blue-green chromatophore becomes apparent (fig. 143 
T, V, c). The cells multiply by transverse division into two (fig. 143 S) 
or four daughter- cells which secrete distinct membranes, but remain 
for a time enclosed in that of the parent, as a result of which temporary 
threads may be formed. The pyrenoid either divides with the proto- 
plast or, more generally, a new pyrenoid is formed in one of the 
daughter-cells, the chromatophore gradually differentiating around it. 
Rejuvenescence of the cells is frequent. 

When stained with fuchsin, a mucilage-strand (fig. 143 Q, m), with 
occasional denser layers and as much as 50 times the length of the cell, 
becomes recognisable in C. mobilis ; a similar, but more markedly strati- 
fied strand is recorded in C. Richterianum. In C. mobilis the mucilage 
is no doubt secreted through the numerous pores which traverse the 
membranes and are specially abundant towards the poles (fig. 143 U). 
The nucleus is commonly situated at that end of the cell from which 

^ See (12) p. II, (47) p. 45 G (94) p. i59» (i93) p. 77» (109) p. 7i7» (i3i) p. 7; 
cf. also A. Wolleana (Hansg.) Lagerh. (Chroodactylon Wolleanum Hansg. (50)), 
which may be a form of A. ornata ( 32 ). 

^ The freshwater members of Asterocytis require further study. There is 
possibly confusion with similar Myxophyceae ((130) p. 432). 
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active secretion is occurring. The formation of these strands is doubt- 
less related to the rapid jerky, often zigzag, movements which are ex- 
hibited by occasional cells and last but for a fraction of a second, during 
which a distance equal to ten times the length of the cell may be 
covered (cf. Desmids). Rise of temperature increases the frequency of 
the movement which is ascribed to rapid absorption of water on the 
part of the mucilage. 

The spherical cells composing the crusts of Porphyridtum cruentum^ 
are provided with individual mucilage-envelopes and embedded in a 
common mass of hyaline mucilage; at times they develop mucilage- 
stalks which are sometimes branched ((126) p. 71). The cells multiply by 
simple division in various directions. There is some difference of 
opinion as to the cell-structure; Staehelin’s(ii6) data are certainly in 
large part erroneous ((17) p. 457). The cell-wall is thin and elastic (fig. 
143 D, G, I) and follows all changes in the volume of the protoplast 
((i6) p. 541). The body of the chromatophore, the red coloration of 
which is due to phycoerythrin ((37), (38), (86) p. 81 1), is very massive, 
while the radiating processes are often short (fig. 143 D, I) or ((43) 
p. 601) completely lacking. The peripheral cytoplasm between the 
processes of the chromatophore includes many small vacuoles. The 
relatively large nucleus, which appears as a white area in the living cell, 
lies adpressed to the wall (fig. 143 I, n)\ when stained it shows a 
nucleolus and an outer nucleus devoid of chromatin ((41) p. 366). The 
mitotic stages described by Lewis and Zirkle ((84) p. 338) are, according 
to Geitler, misinterpretations. Both starch and fat may be present ((126) 
P- 74 )- 

In recent years a number of other species, all with essentially the 
same structure, have been described. P. aerugineum Geitler ((40), (41) 
p. 362), which is stated to be widely distributed in stagnant freshwaters 
(42) and has also been found on soil (139), lacks phycoerythrin and owes 
its blue-green colour to the presence of phycocyanin. Kylin (77) has 
recorded a marine species, at present only known in cultures 
(P. marinum). 

Rhodospora (42) possesses cells with a central nucleus and numerous 
parietal discoid chromatophores (fig. 143 N). It forms indefinite masses 
of a red-violet or dull olive-green colour on archaic rocks. The cells 
multiply by division along three planes into 2-16 (usually 4-8) parts 
which are liberated by the rupture of the parent-membrane (fig. 143 N). 

REPRODUCTION OF BANGIALES 

The only known method of multiplication in certain Porphyridiaceae 
{Rhodospora^ Chroothece, etc.) is by cell-division (autospore-forma- 
tion). Most Bangiales, however, exhibit asexual reproduction by 
structures variously called monospores ((no) p. 309), neutral spores 

^ See (15), (37), (41) p. 364. ( 7 i)» (84), (no) p. 315, (115) p. 125, (126). Brand 
((16) p. 543) gives details as to mode of occurrence; Kufferath(7i) and Vischer 
((126) p. 99), who studied the alga in pure culture, state that it will not grow in 
darkness, even in the presence of glucose. 
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((9) p. 9) or gonidia ((103) p. 55). The first designation appears as 
suitable as any other and is adopted here. The naked monospores are 
liberated through a well-defined aperture in the wall of the spo- 
rangium (fig. 144 A), the process taking place either gradually or 
suddenly ((9) p. 10, (26) p. 191). 

The monosporangia of Porphyra are generally formed by crosswise 
division of the vegetative cells perpendicular to the surface so that the 
thallus remains one-layered. Those of Bangia ((9) p. 9, (3O p. 30, (98) 
p. 281) are usually produced by one or two radial divisions in the 
sectors, the process mostly commencing at the apex of a thread ; they 
may, however, arise from an entire cell without division ((no) p. 311) 
or even from the cells of the young uniseriate threads ((75) p. 3). 

Erythrotrichia (fig. 144 A, B; (9) p. 10, (103) p. 68), Erythrocladia 
(fig. 144 C; (103) p. 73), and Porphyropsis (fig. 144 D; (103) p. 71) 
possess more clearly differentiated monosporangia which are consti- 
tuted by small cells (m) cut off by a curved wall, usually from the 
upper end of a vegetative cell, after accumulation of cytoplasm at the 
point where the sporangium is to be formed. In Erythrotrichia, after 
liberation of the spore, the part of the vegetative cell below enlarges 
and fills the cavity (fig. 144 A, the third cell from below) and further 
sporangia may be produced from these cells. 

The monospQres of Colaconema are formed from terminal or inter- 
calary sporangia which may be cut off from a vegetative cell ((56) p. 1 13) 
and are sometimes detached as a whole (23). Those of Goniotrichum ((9) 
p. 27, (109) p. 718, (no) p. 314), of Asterocytis ((109) p. 717, (131) p. 8), and 
probably of Porphyridium cruentum ((126) p. 78) are constituted by the 
protoplasts of the ordinary cells which round off and escape from their 
envelopes ; in Goniotrichum the process begins in the upper parts of the 
threads and, according to Chemin ((24) p. 231), is preceded by longi- 
tudinal division of the parent-cells. Thick-walled akinetes have also 
been recorded in Asterocytis ((s 6 a) p. 554, (103) p. 78, (131) p. 9). 

The monospores of Bangia and Porphyra show amoeboid changes of 
shape ((9) p. II, (75) p. 4, (98) p. 282) which do not appear to be accom- 
panied by any appreciable translocation. They commence some little 
time after liberation and may continue for two days. Such changes of 
shape are also recorded in Porphyridium. The monospores of Erythro- 
trichia and Goniotrichum do not appear to show this feature (cf. how- 
ever (30) p. 147), although they exhibit gliding movements ((9) p. ii, 
(24) p. 226, (105) p. 73) which are sometimes quite rapid; similar move- 
ments have been observed in Porphyridium ((28), (43), (126) p. 78). The 
mechanism of the movement is unknown, but light sometimes appears 
to exert a directive influence ((9) p. ii). 

Sexual reproduction is recorded only in Bangia, Porphyra, 
Erythrotrichia and Erythrocladia^ and has so far not been observed 

^ Earlier accounts (69,98) of the sexual process are erroneous. The details 
for Erythrocladia ((s6) p. 112)) are unclear. The exserted spermatia recall the 
fertilisation-stages figured for other Bangiales. 
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Fig. 144. A, B, G~I, Erythrotrichia] A, B, E, carnea (Dillw.) J. Ag., formation 
and liberation of monospores ; G, E, obscura Berth., formation of monospores ; 
H, I, the same, male and female sex organs and fertilisation. C, Erythrocladia 
subintegra Rosenv., monospore-formation. D, E, Porphyropsis coccinea (C. 
Ag.) Rosenv.; D, older thallus showing monospore-formation; E, young 
thallus. F, J, K, N, O, Porphyra\ F, P. utnbilicalis (L.) J. Ag., antheridia from 
the surface; J, P. tenera Kjellm., upper figure fertilisation, lower female 
organs and spermatia; K, P. laciniata (Lightf.) Ag., antheridial frond in 
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in any freshwater member. As in Florideae, the male cells (spermatia) 
are devoid of organs of movement.^ The distribution of the sexes is 
variable ((67) p. 207). In monoecious species of Porphyra they are 
commonly segregated, the male areas being yellowish-white or white, 
the female purple ((57) p. 188, (60), (103) p. 62); P. tenera is andro- 
dioecious ((72) p. 380). In the Bangieae sexual organs are often formed 
over a large part of the thallus, although growth may still continue in 
the lower parts after the apical ones have begun to form reproductive 
cells. 

The antheridia of Porphyra ((26) p. 216, (46) p. 227, (s8) p. 210, (60) 
p. 245, (82) p. loi, (122) p. 60) arise by repeated division of the cells 
(fig. 144 K). The first wall is parallel to the surface (cf. however, (57) 
p. 189) and the products undergo two vertical divisions; further 
horizontal walls lead to the formation of 32-128 small cells which are 
arranged in several layers. Antheridium-formaiion commences at the 
apex or edges and gradually spreads towards the base of the thallus. 
The antheridia of Bangia are produced in the same way, their forma- 
tion often proceeding basipetally ((26) p. 187, (98) p. 275) and com- 
monly involving the whole plant. The mature antheridia are colourless, 
but contain a small leucoplast ((9) p. 12, (26) pp. 200, 219, (58) p. 210, 
(60) p. 252). The spermatia (fig. 144 K, s) are liberated by gelatinisation 
of the membranes, although the boundaries of the original parent-cells 
long remain recognisable. 

In Erythrotrichia ((9) p. 13) the antheridia are formed in the same 
way as the monosporangia. The spermatia are larger than those of 
Bangieae and have a more obvious plastid ; they exhibit some capacity 
for movement. The correspondence between monospores and 
spermatia evident in this genus is also shown in Porphyra atropur- 
purea ((9) p. 13) where the same parent-cell may give rise both to 
monosporangia and antheridia ; in such instances there are all transi- 
tions in size and colour between the two types of reproductive cells 
(cf. also p. 624). 

The female organs (commonly called carpogonia) often differ from 
vegetative cells only in their somewhat larger size and more abundant 
contents (fig. 144 L, N, O, /). The surface is presumably always 

^ The motile gametes described by Yendo (13s) are no doubt parasitic 
Fungi ( 75 , 92 ). 


section; N, P. atropurpurea (Olivi) De Toni, section, fertilisation and carpo- 
spore -formation; O, P. umbilicalis f. linearis^ female organs in section and 
fertilisation. L, M, Bangia\ L, B. fusco-purpurea (Dillw.) Lyngb., section, 
fertilisation; M, B. pumila Aresch., fertilisation, a, antheridia; ca^ carpo- 
sporangia; cm, cuticle; /, female cells; w, monosporangia or monospores; 
Sy spermatia; t, connection between spermatium and carpogonium. (A, F, 
after Taylor; B after Boergesen; C, after Kylin; D, E after Rosenvinge; 
G-I, N after Berthold; J after Kunieda; K after Thuret & Bornet; L, O after 
Dangeard; M after Darbishire.) 
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mucilaginous, since abundant spermatia (s), now enveloped by a thin 
membrane, are found adhering to them. In Erythrotrichia ((9) p. 17) 
and diverse species of Porphyra ((9) p. 14, (26) p. 212, (72) p. 388) the 
surface of the female organ is protruded (fig. 144 H-J,/), although it 
is not clear whether this is primary or secondary. It has repeatedly 
been recorded ((8) p. 81, (9) p. 15, (61) p. 145) that, if fertilisation be 
delayed, the female cells of Porphyra put forth on both surfaces 
elongate hyaline protuberances to which spermatia can adhere; less 
pronounced structures of the same type have been observed in 
Bangia. These outgrowths have been compared with trichogynes. 

In the process of fertilisation^ (( 8 ), (9) p. 14, (26) pp. 202, 222, (s 8 ), 
(61) p. 144, (103) p. 63) the spermatium puts forth an often delicate 
process (fig. 144 H, L, N, O, t) containing a thin strand of cytoplasm. 
This penetrates rather rapidly through the thick membrane to the 
female protoplast (/), and the greater part of the contents of the 
spermatium (^) pass into the latter. Dangeard ((26) p. 202) observed 
the sexual nuclei in contact. The connecting strand of cytoplasm often 
persists for a long time, while the empty spermatium-wall at the sur- 
face soon disappears. Kunieda ((72) p. 389), who describes a rather 
different method of sexual fusion in Porphyra tenera (fig. 144 J), 
suggests that the stages previously described do not represent 
fertilisation, but are due to the attack of a parasite ; no adequate 
evidence is produced for this view. 

After fusion there is increase of cytoplasm and accumulation of 
starch in the female cell, while the chromatophore withdraws its 
processes and forms an irregular lobed mass. Rosenvinge ((103) p. 63) 
records the occurrence of groups of carpospores in P, umbilicalis^ 
without any evidence of fertilisation-tubes, and suggests the possi- 
bility of an apogamous development. 

In Erythrotrichia ((9) p. 17) the undivided female protoplast is set 
free after fertilisation. In the Bangieae, on the other hand, there is 
usually successive segmentation into eight ^ (rarely more) parts, from 
each of which a naked carpospore is liberated, although if the female 
cells are small, there may be fewer or no divisions ((47) p. 436, (61)). 
In Bangia the first wall is periclinal ((9) p. 16; anticlinal according to 
(26) p. 193), the later ones radial, while in Porphyra the first wall is 
parallel to the surface and each of the products divides into quadrants 
((8) p. 80, (26) p. 215, (60) p. 243, (122) p. 60) so that the carposporangia 
normally lie in two layers (fig. 144 N). The mature sporangia possess 
gelatinous walls and their boundaries remain clearly visible after the 
escape of the carpospores (fig. 145 A, B). In P. tenera ((72) p. 391) the 
parts of the fronds containing the maturing carpospores become de- 

^ The stages described by Knox ((68) p. 129) are open to suspicion. 

* Hence the name octospores used by Janczewski (60) and Goebel (44). The 
fusions between escaped carpospores and spermatia described by Reinke 
((98) p. 276) are erroneous. 
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tached, and the latter are stated to remain dormant throughout spring 
and summer. 

The liberated carpospores, which are always naked, contain much 
starch and are usually not as large as the monospores, while their 
chromatophore is smaller and less lobed or diffuse ((72) p. 381). They 
exhibit slight amoeboid movements ((9) p. 17, (60) p. 244, (75) p, 6, 
(100)), but round off before forming a membrane. 

THE LIFE-CYCLE OF BANGIALES 

There is reason to believe that the Bangiales, like the less specialised 
Florideae, are haploid forms in which reduction takes place during 
the first divisions in the zygote; this has been demonstrated in 
Porphyra ((26) p. 223) with some degree of probability. Sexual plants 
occur mainly during the cold season of the year, whilst at other times 
the thalli often bear monosporangia only. There can be no doubt that 
these represent merely an accessory method of reproduction. Many 
Bangieae disappear altogether during the warm season (54.72,135). 

The monospores of the Bangieae develop direct into new plants 
((24) p. 228, (26) pp. 205, 225, (29), (75) p. 5) and may germinate within 
the sporangia ((98) p. 281). After formation of a membrane the spore 
elongates (fig. 145 C, D) and divides transversely (fig. 145 E), the one 
cell giving rise to a rhizoid (r), while the other segments to form the 
primary filament (fig. 145 G~K); other rhizoids soon develop from 
the lower cells. 

The fate of the carpospores remains uncertain. According to 
Kunieda ((72) p. 386) those of Porphyra tenera remain dormant 
throughout the warm season and give rise to fresh crops of plants in 
the late autumn; the method of germination is stated not to differ 
essentially from that of the monospores (fig. 145 M), although the 
germlings have thicker walls and diffuse chromatophores. Earlier 
investigators ((9) p. 19, (29), (46) p. 229, (oo) pp. 244, 249, (7s) p. 6, (98) 
p. 278, (122) p. 61, (135) p. 81), studying the development of the carpo- 
spores of Bangia and Porphyra in cultures, concluded that they gave 
rise to branched filamentous stages (fig. 145 L, 0 -Q) from which 
supposed monospores were liberated (fig. 145 N). Kunieda (p. 391) 
states that such stages are pathological. Rees ((96), (97) p. 249), 
studying the life-cycle of P. umbilicalis in nature, however, finds that 
the carpospores produce short little-branched filaments lasting only 
for a few weeks and multiplying by means of monospores ; ultimately 
these give rise to the Porphyra-XhdXXxis, Ueda ((125) ; cf. also (67) p. 206, 
(92)) also concluded that the Japanese Porphyras persisted through the 
summer as minute thalli reproducing by monospores. 

It appears probable that, in the Northern Hemisphere at least, the 
ordinary thallus propagates both by monospores and by sexual means, 
one or other at times preponderating. While the monospores repro- 
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duce the thallus direct, the carpospores give rise to a filamentous 

stage which lasts during the unfavourable period and ultimately re- 

produces the ordinary plant. In some regions the ordinary thalli are 



Fig. 145. A, C-L, Bangia\ A, B. pumila Aresch., carpospore-development; 
C-K, B. fusco -purpurea (Dillw.) Lyngb., stages in germination of mono- 
spores; L, the same, germination of carpospores. B, N-Q, Porphyra laciniata 
(Lightf.) Ag. ; B, surface-view of part of thallus with carpospores; N-Q, 
stages in germination of carpospores. M, P. tenera Kjellm., carpospore and 
four stages in germination, c, chromatophores ; ca, carpospores; /), pyrenoids, 
, monospore ( ?); r, rhizoids. (A after Darbishire; B after Thuret & Bornet; 
after Reinke; M after Kunieda; the rest after Kylin.) 


found throughout the year. The probable persistence by means of 
minute filamentous stages recalls the condition in many Ectocarpales 

(p- 132)- 
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THE AFFINITIES AND STATUS OF BANGIALES 

Although certain authorities have advocated a relationship with 
Prasiolaceae (Ulotrichales ; cf. (s8), ( 80 , (107a) p. 253, (108) pp. 229, 237, 
(iiO p. 289) or Myxophyceae ((59), (79) p. 433, (123)), the bulk of opinion 
has always favoured an affinity with Florideae ((9) p. 21, (62), (76)). 
With Prasiolaceae there is nothing in common except the form of the 
thallus and chromatophore, while the Bangiales are fundamentally 
distinguished from the Myxophyceae by their cell-structure,, the 
products of photosynthesis, and the methods of reproduction (cf. also 
p. 416). The simple nuclei described in Porphyra tenera by Ishikawa 
(s8) depend on poor fixation; Dangeard ((26) pp. 198, 218, (27)) has 
shown that those of Bangia and Porphyra possess a nucleolus and 
undergo a mitotic division in which centrosomes are recognised. In 
view of the many important diflferences, the few resemblances cannot 
be taken as evidence of an affinity with Myxophyceae. 

In discussing the relationship to Florideae, it may be noted that, 
apart from the simple vegetative structure, the absence of apical 
growth, and the lack of pits between the cells (p. 423), there are im- 
portant contrasts in reproduction. Thus, the reproductive organs are 
formed from intercalary cells (76), the female organs are less specialised, 
and the entire zygote is used to form carpospores (cf. also (138)). 
Svedelius ((119) p. 228) does not regard the female organs as homo- 
logous with those of Florideae, since outgrowths resembling tricho- 
gynes are only sometimes present. Schmitz ((108) p. 235) also empha- 
sised the differences in the method of fertilisation. 

On the other hand, there are marked resemblances in the pigmenta- 
tion of the chromatophores, in the presence of Floridean starch ((15) 
p. 415, (26) pp. 195, 218), in the general character of the spermatia and 
carpospores (especially their non-motility), and in the similarity be- 
tween the life-cycle and that of Nemalionales. The chromatophores 
contain phycoerythrin and phycocyanin, as well as chlorophyll, carotene 
(142), and xanthophyll ((13) p. 193, (76)), and in Porphyra tenera the 
two first are stated (117) to be identical with those in Ceramium 
rubrum; the same is true of the phycoerythrin in Porphyridium 
marinum ((77) p. 3), although that of P. cruentum ((13) p. 191, (37), (86) 
p. 808) seems to be a different modification, resembling that found in 
Myxophyceae. Kylin (76) specially emphasises the identity of the 
pigments of Bangiales and Florideae and the contrast with Myxo- 
phyceae and other groups. In certain Porphyridiaceae the phyco- 
cyanin evidently predominates over phycoerythrin, and is perhaps 
alone present. 

The physiological resemblances are probably significant, when 
taken in conjunction with the general parallel in reproductive methods. 
Rosen vinge (104) also lays stress on the similarity between the cell- 
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Structure of many Bangiales and diverse Nemalionales (p. 402); the 
two orders also resemble one another in the amoeboid movements 
exhibited by the spores. For these and other reasons he proposes the 
name Protoflorideae which I have hesitated to adopt, because it is 
doubtful whether the Bangiales can be regarded as precursors of the 
Florideae. The undoubted marks of relationship are more likely to be 
due to divergent development from a common ancestry. I am in- 
clined to regard forms like Erythrotrichia and Kyliniella as the most 
primitive members of the group, despite the rather specialised mono- 
sporangia of the former, because in their heterotrichous habit they 
show the nearest approach to what was probably the prototype of 
Bangiales and Florideae. 

The classification here adopted is as follows: 

(a) Bangiaceae \ Bangia, Colaconema (?), Erythrocladia, Erythro- 
trichia, Kyliniella, Porphyra, Porphyropsis. 

{b) Porphyridiaceae \ Allogonium, Asterocytis, Chroothece, Gonio- 
trichum, Neevea, Phragmonema, Porphyridium, Rhodospora. 

UNCERTAIN BANGIALES 

Compsopogon^ is chiefly a denizen of tropical and subtropical streams, 
although it has been recorded from ponds (19) and from tidal waters. Its 
occasional occurrence in temperate regions is no doubt due to introduc- 
tion by shipping. Thus, C. leptoclados Mont, has been found in a part 
of the Reddish Canal, Manchester, where there is an influx of hot water 
from cotton mills ((129) p. 5). The rather coarse, richly branched 
threads are blue- or violet-green in colour. In the younger parts (fig. 
146 A) they consist of flat cells formed by transverse division of the 
segments of the apical cell (a), but in the older parts the cells become 
greatly enlarged and barrel-shaped (fig. 146 B, ax); there are no pits. 
At some distance from the apex the axial cells cut off successive peri- 
pheral segments, which ultimately unite to form a compact cortex (co) 
of deeply pigmented cells through which the almost colourless axial 
ones are plainly visible. The cells of the cortex multiply by anticlinal 
division and sometimes divide to form 2-4 layers. No cortex is pro- 
duced in the basal parts of the threads, where, however, the axial cells 
are commonly overgrown by septate rhizoids emanating from the lower 
cells ((121) p. 262). Branches arise before the cortex is formed (fig. 146 
A), although short secondary branches may later originate from the 
cortical cells. 

The cells contain numerous parietal oval to oblong chromatophores 
(fig. 146 C) which are sometimes lobed ((114) p. 605, (121) p. 261); the 
thread-like chromatophores drawn by Schmitz ((no) p. 319) have not 
been recorded by others. The cytoplasm of the axial cells shows 
circulation. 

The only method of reproduction known is by monospores, of which 
Thaxter ((121) p. 263) distinguishes two kinds ; both are spherical and 
^ See (2), (3), (87) p. 298, (no) p. 318, (114) p. 605, (115) p. 122, (t2i). 
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Fig, 146 . A-H, Compsopogon ; A, E-H, C. caeruleus Mont. ; A, tip of a thread ; 
E, F, threads with sporangia; G, small part of same, with macrosporangia 
(ma); H, liberation of spore; B, C. aeruginosus (J. Ag.) Kiitz., part of older 
thread with cortex; C, the same, chromatophores ; D, the same, older thread 
in section. I-K, Rhodochaete pulchella Thur. ; I, thread with monosporangia ; 
J, the same enlarged; K, liberation of monospore. L~0, Conchocelis rosea 
Batters; L, M, young growth; N, O, enlarged to show chromatophores. 
a, apical cell; ax^ axial cells; c, chromatophores; ro, cortex; w, monosporangia 
and monospores ; ma, macrosporangia ; mf, microsporangia. (A after Schmitz ; 
B-D after Skuja; E-H after Thaxter; I-K after Bornet; L-O after Rosen- 
vinge.) 
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motionless, with dense contents and large nuclei. His so-called macro- 
sporangia (fig. 146 E, ma) are always solitary, while the microsporangia 
(fig. 146 F, mi) for the most part form somewhat projecting sori(i9). 
They develop either from the uncorticated cells or from those consti- 
tuting the cortex. The macrosporangia, which are cut off by a curved 
wall (fig. 146 G, ma)y liberate their contents through an aperture in the 
wall (fig. 146 H), after which the parent-cell enlarges and fills the 
cavity; this is very reminiscent of Erythrotrichia. Skuja ((114) p. 607), 
however, regards the macrosporangia as arrested branches and con- 
siders that they develop only under cultural conditions. According to 
his view the normal organs of multiplication are the microsporangia. 

In the coloration of the chromatophores, the method of reproduction, 
and the absence of pit-connections between the cells there are indica- 
tions of affinity with Bangiales and, in view of the varied development 
of the latter, it is not improbable that they might have evolved into more 
elaborate types. A renewed investigation of Compsopogon in tropical 
habitats may cast further light on this problematic form. 

Reference should also be made to Rhodochaete ((14) p. 260, (no) p. 3 17), 
a minute marine epiphyte with simple branched filaments showing 
apical growth (fig. 146 I) and reproduction by monospores (m), pro- 
duced in essentially the same manner as in Erythrotrichia, Small pits 
are stated to occur in the septa between adjacent cells. The affinities are 
very obscure. 

Another uncertain member of Bangiales is Conchocelis rosea (4),^ which 
lives in the shells of Molluscs or the tubes of Serpulids. It seems to be 
widespread in water of some slight depth in North Atlantic and Arctic 
seas ((63) p. 13 1, (95) pp. 54, 257, (103a) p. Ill, (106) p. 618) where, to- 
gether with Blue-green Algae of a similar habit, it is stated to play (90) 
a part in the erosion of limestone rocks. The young growth (fig. 146* 
L, M) consists of narrow threads composed of elongate cells of 
irregular shape ; later the filaments branch richly and form a more or 
less continuous layer. According to Jdnsson the cells contain a stellate 
chromatophore (cf. also (10) p. 349), but Rosenvinge ((106) p. 619) 
describes a number of ribbon-shaped ones (fig. 146 N, O, c); he also 
records small pit-connections between the cells. The fertile tracts are 
formed by short branched threads (fig. 146 N, O) which develop from 
swollen vegetative cells. The cells possess dense contents with plentiful 
starch and give rise to monospores. 

Batters regarded this alga as closely related to Erythrotrichia, 
although Colaconema would perhaps be a better subject for comparison. 
The presence of pit-connections distinguishes it from the true Bangiales, 
but a reference to any particular group of Florideae is on present know- 
ledge impossible. 

^ Nadson ((89) p. 36) regarded this alga as a form of Ostreohium Queketii 
Born, et Flah. (i, p. 426), but was probably confusing it with a red variety of 
the latter (cf. (9s) p. 257). 
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Sub-class II. Florideae 

A. THE vegetative ORGANS 

I. The general Features of Thallus-structure 

The simple non-elaborated filament is rare among Florideae, being 
seen only in Acrochaetium (fig. 148 A-C) and its immediate allies 
(p. 450), as well as in certain Ceramiaceae.^ The majority exhibit a 
more complex structure, although often remaining filiform in outward 
appearance, since elaboration is rarely associated with any great in- 
crease in bulk. Sections of such forms, however, often display a com- 
pact tissue which may show considerable differentiation. In Gigar- 
tinaceae and Delesseriaceae a folioSe habit is developed, while certain 
families (Squamariaceae, Corallinaceae) consist largely or entirely of 
crust-forming types. The branching of the thalli, though often ap- 
pearing dichotomous, is probably for the most part rhonopodial. 

( All Florideae, no matter how compact their structure, are composed 
of systems of richly branched threads ((192) p. 8, (586) p. 216). The 
latter may be but loosely connected and readily distinguishable 
(Batrachospermum, fig. 150 B, C ; Nemalion, fig. 158 C, D) or they are 
so closely fitted together that the filamentous derivation is not easy to 
recognise {Furcellaria, fig. 163 A; Chondrus^ fig. 175 A, B). The 
threads of most of the more loosely branched forms are embedded in 

^ For an epitome of the classification of Florideae, see p. 737. 
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copious soft mucilage ; in the more compact types this is denser and 
serves to connect the diverse units and their branches/ In the 
filaments forming the basis of construction of the thallus is often 
possible to distinguish (fig. 150 A) main axes of unlimited {a) and 
laterals of limited growth {w)y the latter in many instances closely 
aggregated and commonly arising in opposite pairs or whorls from 
the cells of the main axeJ(cf. also fig. 154 C). 

Two distinct, though dosely related, variants of this type of struc- 
ture are met with in primitive and more specialised groups alike, 
and there are few Florideae that cannot be referred to one type or 
the other. \ In the uniaxial forms (e.g. Sirodotia, fig. 150 A; 
Gloeosiphonia, fig. 153 B) the main axes {a) consist of a single row of 
often large cells; in the multiaxial types (e.g. Nemaliotiy fig. 158 D; 
Platoma, fig. 159 A) the axes {a, m) are composed of a number of 
parallel or subparallel threads. This is the only essential difference 
between the two (cf. (502) p. 254). The germinating spores of many 
Nemalionales and Cryptonemiales first give rise to a prostrate system 
(figs. 153 C, 159 D, ^), which is commonly discoid and produces 
more or less numerous erect threads (339, 379). It is by the further de- 
velopment of one (uniaxial) or of a group (multiaxial) of the latter that 
the erect thallus is produced. The structure of these forms is therefore 
based on a primary heterotrichous condition^(i, p. 21), which is 
equally recognisable, though in a modified forirf, in the early stages of 
development of Gigartinales (figs. 167 I-K; 169 C) and Rhody- 
meniales (figs. 182 E, F; 183 D, E). Alone in Ceramiales, where the 
germlings appear invariably to lack a prostrate system (figs. 185 D-F; 
194 D, E), is the heterotrichous habit altogether suppressed.^ In its 
dominance in the less specialised and its disappearance in the most 
advanced orders, the Florideae show a close parallel with Phaeo- 
phyceae (p. 21 and (770)). 

Uni- and multiaxial construction are in general characteristic of 
distinct taxonomic units ((387) p. 104). All Rhodymeniales are multi- 
axial and all Ceramiales ^ uniaxial, but in other orders both types are 
represented in different families. Many Cryptonemiales are uniaxial, 
although the Corallinaceae, for instance, are multiaxial. In the 
Gigartinales the less specialised members {Endocladia^ etc.) are uni- 
axial, while the more specialised Gigartinaceae are multiaxial. Kylin 
((387) p. 46) regards the multiaxial state of these forms as secondary, 
but the basic heterotrichy affords the means for a ready passage from 
one type of construction to the other. 

A second fundamental characteristic of the Florideae lies in the 
strict apical growth of the threads composing the thallus. This 
growth is effected by apical cells ((5) p. ii, (s86) p. 217)^ which are 

^ In a few Delesseriaceae (e.g. Nitophylluniy Cryptopleura) no central thread 
can be distinguished and growth is effected by division of the marginal cells 
(cf. p. 536). 
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often dome-shaped (e.g. Lemanea, fig. 156 I, m) and cut off a single 
series of segments (5) parallel to the base, although in certain advanced 
types they are two- (fig. 166 A, C) or three-sided (fig. 167 A) and give 
rise to as many series of segments. The segments themselves usually 
cut off laterally two or more pericentral cells (fig. 154 F-H, J-4), which 
in many Florideae (not in most Rhodomelaceae) act as the apical cells 
of laterals; these are not uncommonly whorled (figs. 153 B, /; 154 
D, E). The remainder of the segment, constituting the central cell (a), 
for the most part undergoes no further septation. Division walls 
passing through the axis of a segment, whether transverse or longi- 
tudinal, are formed only in a few special instances (Corallinaceae, 
some Delesseriaceae, (590) p. ii2).> In other words enlargement in 
Florideae is effected almost solely by apical growth, and there is 
usually no intercalary division of the segments (cf. also (380) p. 66, 
(519) p. 177, ( 599 ) p. 299). 

As a result of this apical growth and of the formation of the thallus 
from juxtaposed filaments, the inner cells of most of the compact 
pseudo-parenchymatous types, which undergo no further division, 
become markedly stretched; they are often broad and considerably 
elongated, while towards the periphery the cells become progressively 
shorter and smaller (figs. 167 C; 175 B). The primary construction is 
often more or less obscured by the development, from various internal 
cells, of septate hyphae which push their way in all directions (often 
for the most part longitudinally, figs. 156 L; 166 F, hy) between the 
cells already present. In many compact forms the superficial layer, 
representing the apical cells of the ultimate branches of the filaments, 
is meristematic. 


2. Pit-connections^ 

Genetically related cells, forming part of the same thread and derived 
from a common parent-cell by division, are in practically all Florideae 
connected by conspicuous pits in the septa; such primary pits are 
single-and generally circular (figs. 139 B, pi\ 147 H). They are stated 
to be lacking in Batrachospermum ((469) p. 231). The pits are dis- 
tinguishable already in young septa and occupy the axis connecting 
the two daughter-nuclei. When first formed they are relatively 
narrow, and only attain their full width as the segment broadens. In 
some instances they occupy the entire septum (cf. fig. 147 M). Where 
not directly obvious, they can generally be rendered visible by treat- 
ment of the material with hydrochloric acid or caustic soda, ^he pit- 
membranes often stain with methyl green or saffranin. According to 

' The abundant, mostly earlier, researches that failed properly to elucidate 
these structures cannot be considered here (cf. (192) p. 16; and (18), (305), (346) 
p. 296, (452), (466), (692) p. 100). Many older workers thought that the pits 
were open canals. 
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Falkenberg ((192) p. 24) they react to stains in the same way as the 
“cuticle’’ at the surface of the alga. 

The pit-cavities are occupied by broad cytoplasmic strands. 
Closely applied to either s^de of the pit-membrane one can often 
recognise two circular discs (cf. also (338) p. 100, (469) p. 232) staining 
readily with haematoxylin (fig. 147 J-M, d). , Recent investigations 
(403,469) tend to show that the discs consist of a thickened peripheral 
ring containing pectic substances and supporting a delicate plasma- 
membrane ^ according to Celan(99) they contain lipoids. The discs are 
difficult to separate from the adjacent cytoplasm and are, according 
to many authorities,^ connected by fine cytoplasmic strands (fig. 147 
B, K, pi) which traverse the pit-membrane and are sometimes re- 
stricted to its periphery; others ((15) p. 177, (33s) p. 23, (338), (469) 
p. 235) have denied the existence of such cytoplasmic connections. 
A sieve-like appearance of the pit-membrane has frequently been 
recorded ((192) p. 595, (291) p. 370, (742) p. 76). Schmitz regarded the 
discs as modifications of the cytoplasm lining the pit-membrane ; they 
are separated from the vacuole by a layer of cytoplasm, which is often 
full of deeply staining matter and may show a fibrous structure ((192) 
p. 22, (524) p. 283). In plasmolysed cells the cytoplasm adheres to the 
discs which retain their position at the bottom of the pit-cavity. 
Jungers ((335) p. 23) concludes that the discs are part of the membrane ; 
in Griffithsia and Ceramium^ moreover, he claims that the pits consist 
of a single lenticular body (fig. 147 L) and that no separate pit- 
membrane is distinguishable. 

The exact nature of the pit-connections thus remains undecided, 
and there is possibly some variety in structure. However that may be, 
they are probably of importance in the transport of food-material and 
perhaps also in conduction of stimuli. ' 

Mangenot ((442); cf. also (99)), examining especially the gonimoblasts 
599) of diverse Ceramiales, denies the presence of a pit-membrane 
and describes certain differences between the discs on the two sides of 
the pit. Enlargement of the pit-connections is usual in the region of 
the developing cytocarps and this may be associated with disappearance 
of the intervening membrane (cf. (400) p. 32). The fre‘quent presence 
of pit-membranes between the vegetative cells must, however, be re- 
garded as established. 

In diverse Ceramiales ((100), (151), (152), (466) p. 616, (524)) a strand of 
cytoplasm extends from pit to pit across the central vacuole (fig. 147 
M, N), a feature which is specially obvious in the axial cells of certain 
species of Ceramium. When the threads fork, the strand assumes the 
form of a Y with three arms of about equal length; the older strands 
may become much attenuated. Tylose-like ingrowths from the cortical 
into the axial cells have been recorded in Ceramium ruhrum ((524) p. 289). 

^ See (141) pp. 142, 164, (192) p. II, (232) p. 105, (352) p. 344, (428) p. 642, 
(457), (s 86 ) p. 218, (599) p. 300- 
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Fig. 147. A, Gloeosiphonia capillaris Carm., apex with unicellular hairs (h). 
B, H-J, Rhodomela subfusca (Woodw.) C. Ag., pit-connections, in B from the 
surface. C-G, Polysiphonia violacea (Roth) Grev.; C, part of thread in 
surface-view showing various stages (i- 3 ) of formation of secondary pit- 
connections; D-G, successive stages in formation of a secondary pit- 
connection. K, Bornetia secundiflora (J. Ag.) Thur., pit-connection in section. 
L, Griffithsia setacea (Ellis) Ag., ditto. M, Ceramium echionotum J. Ag., axial 
cell with median cytoplasmic strand. N, Heterosiphonia plutnosa (Ellis) Batt., 
single cell showing the same, as^ axile cytoplasmic strand ; c, chromatophore ; 
cOf cortical cell; cr, crystalloid; discs of pit-connection; /i, hair; m, pit- 
membrane; w, nucleus; py pit-connection; pi, plasmodesmae ; 5, starch; 
sCy secondary pit-connections; spy spine. (A after Rosenvinge; K after 
Miranda; L after Jungers; M, N after Phillips; the rest after Falkenberg.) 
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In the more compact types, where the close juxtaposition of the 
threads obscures the filamentous construction, the pit-connections 
are often of great value in tracing the genetic relationship of adjacent 
cells.^ Many of the more specialised forms, however, sooner or later, 
develop? secondary pit-connections ((586)p. 218) between unrelated cells, ; 
no doubt in response to special physiologic;al requirements, especially 
longitudinal transmission of food-material.; Such secondary connec- 
tions are unknown in Nemalionales and teramiaceae, as well as in 
diverse of the less specialised Cryptonemiales and Gigartinales ((400) 
p. 29).^ Their mode of development is readily studied in overlying 
pericentral cells of Polysiphonia^ especially in those species that de- 
velop thick membranes at an early stage ((192) p. 13, (549), (551 )). 

In the first place the nucleus passes to the lower end of the cell and 
then divides, whereupon one of the daughter-nuclei, together with a 
small amount of cytoplasm, is cut off by an oblique wall (fig. 147 D). 
The newly formed septum progressively thickens (fig. 147 E) so that 
the small daughter-cell is gradually pushed towards one of the under- 
lying pericentrals (fig. 147 C, r, 2); meanwhile a pit-connection (/>) 
becomes obvious between the pericentral and the daughter-cell. 
Ultimately the latter comes into contact and fuses with the pericentral 
below (fig. 147 C, j), the pit-connection (/>) now linking the two 
superposed pericentrals (fig. 147 F), each of which thus contains two 
nuclei, one at the upper and the other at the lower end. The septum 
soon assumes a horizontal position (fig. 147 G). In some Ceramiales 
(e.g. Rhodomela subfusca^ fig. 147 I, J) several secondary pit-connec- 
tions may be formed between adjacent cells (cf. also (380) p. 70). 

3 . Hairs 

The peripheral cells in the younger parts of the thalli of many 
Florideae bear a more or less dense growth of elongate unicellular 
colourless hairs (fig. 147 A) that sometimes reach a length of a milli- 
metre or more ((37) p. 675, (465) p. 75, (559) p. 207). In certain families 
(Gigartinaceae, Phyllophoraceae, Delesseriaceae) they are altogether 
wanting, while in Rhodomelaceae their place is taken by the tricho- 
blasts (p. 544); in some Florideae (Rhodymenia palmata) they are 
confined to definite areas ((ssS) p. 572, (745) p. 103). Although usually 
deciduous, they sometimes persist even on the older parts (e.g. 
Callithamnion corymbosum). The hairs are mostly thin-walled, with a 
delicate layer of cytoplasm surrounding the central vacuole; chro- 

^ Schmitz ((590) p. Ill) recommends boiling in water or dilute glycerine 
and then staining with nigrosine. Kylin ((380) p. 5) advocates soaking of com- 
pact types for 1-24 hours in i % hydrochloric acid, followed by clearing in 
dilute caustic soda for some hours. The thallus can then be squeezed out on 
a slide. 

^ They are also lacking in most Corallinaceae and, where they occur, are 
formed in a different manner (cf. p. 509). 
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matophores are generally lacking, although small faintly coloured 
ones are sometimes {Plumaria eleganSy Spermothamnion) found in the 
young hairs. ^ 

In northern waters such hairs are most abundant in spring and 
early summer and are often completely lacking in winter. The extent 
of their development is usually (cf. however, (ssq) p. 213) unrelated to 
the depth at which the alga grows, although in the Mediterranean 
((37) p. 679) they are stated to be best developed in well-illuminated 
situations. According to Berthold they constitute a protection against 
intense illumination, and it cannot be denied that they may fulfil such 
a r61e, although it is doubtful whether that is their most important 
function. Diverse authorities ((379) p. ii, (503) p. 391, (559) p. 214), in 
view of their frequent restriction to the growing parts and the large 
surface they present, have emphasised their probable importance in 
absorption of nutriment. Such a function is also in accordance with 
their prevalence in the early part of the growing season and in well- 
illuminated situations. Kylin ((379) p. ii) in Dumontia incrassata 
found that hair-development only took place in cultures to which 
nitrates had been added. 

4 . Simple Filamentous Types 

The most primitive structure among Florideae is found in Aero- 
chaetium (Chantransia)^ and RhodochortoHy^ both members of the 
Nemalionales with a wide distribution in the sea, although of the 
former one or two freshwater species are known ; these are sometimes 
referred to a separate genus Audouinella (cf. (262) p. 45, (649) p. 127, 
(727) p. 191), but there appear to be no adequate grounds for separa- 
tion ((643) p. 177). Certain species of Acrochaetium^ possess a hetero- 
trichous habit (e.g. A, Daviestiy fig. 148 A; (276) pi. 314; A, attenuatuniy 
fig. 148 B; A, Hauckii Schiffner (577) p. 133), while others are erect 
and attached by a well-marked basal cell (e.g. A, parvulum (Kyi.) 

^ Regarding the hairs of Gracilaria and Corallinaceae, see pp. 488, 507. 

* Incl. Balbiania ((262) p. 49, (632)). De Candolle’s genus Chantransia com- 
prised a diversity of forms (Green Algae, stages in the development of diverse 
Nemalionales {Batrachospermuniy Lemaneay see pp. 455, 466), etc.), but did not 
include any of the marine forms now referred to Acrochaetium. This genus 
was established by Naegeli ((478) p. 402) for species until then referred to 
Callithamniony which Thuret ((41 1) p. 106) included in Chantransia (cf. also 
(587)). Bomet’s suggestion (66) that the name Acrochaetium should be reserved 
for species possessing sporangia only has rightly not met with favour. There 
can be little doubt that the name Chantransia should be abandoned (cf. also 
(8) p. 45> (34) p. 58, (50) p. 12, (262) p. 44). 

* Rhodochorton has been regarded as a member of Ceramiales, but the 
evidence is in favour of a close affinity with Acrochaetium. Drew ((175) p. 148 ; 
cf. also (565) p. 5) even places all the species of the latter in the genus Rhodo- 
chorton. 

See (i 7 s), (263) p. 99, (368), (369), (387), (424) p. 33» (425) p. 83, (470), (558), 
(701) p. 65. 
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Hoyt; cf. fig. 148 C). Most are epi- or endophytes on other marine 
Algae, but a number occur on Hydroids ((113), (323) p. 116), Bryozoa 



Fig. 148. Acrochaetium. A, A, Daviesii (Dillw.) Naeg., entire plant with 
monosporangia. B, A. attenuatum (Rosen v.), showing the heterotrichous 
habit. Cy A, crassipes Boerges. var. longiseta Boerges., showing axile chromato- 
phores. D, E, A. cytophagum (Rosenv.), reduced forms, with threads (a) 
within the cytoplasm (cy) of the cells of Porphyra. F, A. rhipidandrum 
(Rosenv.), cell-structure. G-I, A. humile (Rosenv.); G, from the surface; 
H and I, in profile. Jy A. Polyides (Rosenv.) showing endophytic threads (a). 
by basal (prostrate) system ; bCy basal cell ; e, erect system ; A, hair ; w, nucleus ; 
py pyrenoid; sPy sporangium. (A after Taylor; C after Boergesen; F after 
Kylin ; the remainder after Rosenvinge.) 

(160), Sponges ((727) p. 195), or on the shells of Molluscs ; A. efflorescens 
is often found on stones. Some are exceedingly minute (e.g. A, 
trifilum (Buffh.) Batt. ; A, minimum Collins (139)). 
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The mode of germination of the spores shows great diversity.^ 
In certain species they produce a prostrate system (sometimes a 
pseudo-parenchymatous disc) bearing the erect threads ; no traces of 
the original spore are recognisable 
in the mature plant (fig. 148 B). 

Commonly, however, the spore 
persists (fig. 148 C) as a prominent 
basal cell {bc)^ which either consti- 
tutes the only means of attachment 
to the substratum (fig. 148 C; (sO 
p. 13, (368) p. 124) or also produces 
radiating prostrate filaments {A. 
efflorescens, A. violaceum^ (177) p* 44i> 

(ss8) p. 81), from which further erect 
threads may arise; in some of the 
endophytic forms these secondary 
filaments penetrate into the sub- 
stratum ((51) p. 28). In Kylinia ((424) 
p. 41, (438) p. 245, (558) p. 141), a 
minute epiphyte, the entire plant 
consists of a system of procumbent 
threads arising on all sides from the 
attaching cell and bearing terminal 
sporangia. The heterotrichous types 
are no doubt the most primitive. All 
species of Rhodochorton (fig. 149 A) 
are heterotrichous, the basal system 
(^) being commonly discoid.^ 

Both in Acrochaetium and Rhodo- 
chorton the branches arise near the 
top of the parent-cell (fig, 149 B). 

In Acrochaetium they commonly 
terminate in hyaline hairs (fig. 148 
C, h) which mostly fall off at an 
early stage. If branching continues, 
a sympodial construction may 
arise ((368), (369) p. 115, (559) p. 211), the lateral displacing the hair and 
the part of the axis below it. In certain species {A, efflorescens) the 
cells of the erect threads produce septate rhizoids which aid in attach- 
ment to the substratum. 

The cells of Acrochaetium usually possess a single axile (fig. 148 C) 
or parietal (fig. 148 F) chromatophore containing a pyrenoid (/>; (368) 



Fig. 149. Rhodochorton. A, B, R. 
Rothii (Turt.) Naeg. (after Taylor) ; 
A, habit; B, cell-structure. C-E, 
R. floridulum (Dillw.) Naeg., cell- 
structure (after Kuckuck). by pro- 
strate and By erect systems ; «, 
nucleus; />, pyrenoid. 


^ See (si) p. 21, (66) p. xviii, (113), (129) p. 302, (263) p. 100, (264) p. 173, 
(558) p. 81. 

* See (45) p. 389> (*29) p. 308, (202) p. 268, (359) p. 345, (S4o) p. 59, (553) p. 79i, 
(554) p._23> (555), (558) p. 388, (701) p. 63. 
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p. 122, (558) p. 82). The parietal chromatophores show considerable 
diversity, often appearing as plates (fig. 148 F) or cylinders which are 
frequently lobed (A. corymbtferutn ((389) p. 5) and may be protruded 
into the cell-cavity. In some species (A. efflorescens) there are com- 
monly several chromatophores^ which may be spirally twisted and 
provided with a number of pyrenoids (cf. also (154), (410) p. 4). In 
Rhodochorton ((31) p. 389, (359) p. 344, (478) p. 355) the cells mostly 
contain several chromatophores which are either stellate with a central 
pyrenoid {R, floridulutn, fig. 149 C, D ; (276) pi. 120 A) or band-shaped 
and without pyrenoids {R, Rothii, fig. 149 B; R. membranaceum 
Magnus). The lobes of the stellate chromatophores expand at their 
tips and may fit together to form an almost continuous parietal layer 
(fig. 149 E). In R, islandicum Rosenv. the cells contain numerous 
small chromatophores. 

In the endophytic species of Acrochaetium the erect system commonly 
consists merely of short threads bearing the sporangia or it may be 
altogether suppressed ((160), (358) p. 391, (460) p. 277, (558) p. 82). Similar 
reduced types are found among the epiphytes ((50) p. 24; fig. 148 G-I) 
and constitute an interesting parallel with Ectocarpus (p. 55). The 
endophytic filaments are often of considerable length (fig. 148 J, a) and 
are probably for the most part intercellular, but A. cytophagum ((558) 
p. 121 ; fig. 148 D, E) seems to be definitely parasitic, short laterals (a) 
penetrating into the cells {cy) of the host (cf. also (175) p. 153). In A. 
endozoica (Darb.) Hamel, where the elongate endophytic threads give 
rise at intervals to erect tufts, some of their branches are stated to 
penetrate into the living polyps. It has been suggested ((558) p. 82) that 
Colaconema (p. 424) may belong here. 

The erect threads of Rhodochorton usually branch, especially towards 
the tips (fig. 149 A). Several species occur on sand- and mud-covered 
rocks between tide-levels. The minute tufts of R. Rothii ((276) pi. 120 B, 
(279)) are specially characteristic of the intertidal region and are often 
found at and above high-water mark, as well as in caves and other feebly 
lighted situations ; at lower levels the tufts are longer. The basal system 
of R. membranaceum (fig. 235 H; Callithamnion membranaceum Magnus 
(440) p. 67, (558) p. 393) inhabits the chitinous walls of diverse hydroids. 
In R, islandicum Rosenv. (55s), which forms a violet-red felt in caves, the 
lower cells grow out into almost colourless stolons producing further 
erect tufts and possibly serving for vegetative propagation. The hetero- 
trichous habit speaks against a reference of this genus to Ceramiales. 

Callithamnion and certain of its allies, though showing a filamentous 
structure, similar to that of the genera of Nemalionales just con- 
sidered, have, like other Ceramiales, lost all traces of heterotrichy. 
The simple structure is probably the result of specialisation (see 

p- 523)- 

^ For such species, which are also distinguished by seriate carpospores, 
Rosenvinge ((558) p. 88) creates the subgenus Grania. 
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5. The simpler Types of Uniaxial Construction 
AND their Elaboration 

The classical example of a simple uniaxial red alga is afforded by the 
freshwater Batrachospermum (sometimes called the “frog-spawn’* 
alga), from which Sirodotia (p. 610) does not differ appreciably in 



Fig. 150. A, Sirodotia suecica Kylin, three whorls with cortical threads. 
B, C, Batrachospermum moniliforme Roth; B, habit; C, two whorls enlarged, 
D, B. vagum (Roth) Ag., origin of long branch (br) from basal cell of lateral. 
ay axial cell; 6, basal cells of laterals; c, cortical threads; ca, carposporangia; 
Wy whorls of laterals. (A after Kylin; the rest after Sirodot.) 

vegetative characters. To the naked eye the mucilaginous growths of 
many Batrachospermums^ appear as chains of delicate beads (e.g. 
B, moniliforme y fig. 150 B). The thalli, which are violet or blue-green 
in colour, show monopodial (often pseudo-dichotomous) branching 
and may be 20 or more centimetres in length. When magnified (fig. 
150 C), each “bead” is seen to consist of a whorl («;) of densely 

^ See (71), (133) p. 47 i» (223), (262) p. 281, (370), (510) p. 169, (512), (631), (633). 
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branched laterals of limited growth, all of about the same length. The 
laterals arise just below the septa (fig. 150 A) separating the elongate 
cells of the main axes {a). The cells contain a number of parietal 
chromatophores with pyrenoids. 

The apical cells of the long axes (fig. 15 1 A, a) cut off a single series 
of segments (^) which rapidly widen and lengthen, usually remaining 
broadest at the septa (fig. 150 A, C). The laterals consist of small, 
ellipsoidal or moniliform cells, and the ultimate branches commonly 
terminate in hairs, surrounded by a basal sheath formed from the 
split outer layer of the membrane of the bearing cell ((378) p. 163, 
( 465 ) p. 76, (582) p. 134); in certain species (e.g. B. Dillenii Bory, 
Sirodotia) the laterals remain very short. The members (frequently 
4-6) of a whorl are formed successively from the pericentral cells 
(p. 446) cut off from the parent-segment, while further branches of 
unlimited growth (fig. 150 D, br) arise singly from the basal cell {b) 
of one member of a whorl. These cells also give rise to cortical threads 
(fig. 1 50 A, c), which grow downwards over the cells of the main axes 
and completely hide them from view (fig. 150 C, r); in some species 
of Batrachospermmn and Sirodotia ((640) p. 299) they form a several- 
layered envelope. Towards the base of the plant these threads extend 
to the substratum, where they aid in attachment and augment the 
prostrate system (631). The threads enveloping the axial cells commonly 
give rise to secondary whorls, which may be so numerous that the 
beaded appearance is almost entirely lost (e.g. B. vagum (Roth) Ag.). 

Species of Batrachospermum are widely distributed and usually 
favour the well-aerated water of slow-moving streams ((82) p. 45) or 
the margins of lakes, where there is not much change of temperature. 
Some favour the pools of peat-moors {B. vagum (370) p. ii), but 
usually occur where there is a spring ((732) p. 424). In most the mature 
shoots are annual, but in a few (J 5 . vagum^ B. densum Sirod.) they are 
perennial. litis (325) describes an interesting association between 
B. vagum and the snail Pianos bis planorbis L. 

Germinating carpospores are not uncommonly found entangled 
among the threads of the parent. The mode of germination ((129) 
p. 314, (240), (50O) p. 1 13, (582) p. 132, (631) p. 143) is one which is 
frequent among Nemalionales. A process arises on one side (seem- 
ingly always the morphological base (240) p. 4, (582) p. 132), during 
which the delicate outer membrane of the spore is ruptured. Most of 
the cytoplasm passes into the process which is cut off by a septum 
(fig. 151 C, D) and undergoes transverse division (fig. 15 1 E) to form 
a creeping filament. The latter soon branches and gives rise to a 
prostrate system (fig. 151 B, b) bearing erect branched threads {e) 
which strongly resemble those of an Acrochaetium ; this is the so-called 
Chantransia-st2igt (370) p. 10, (512), (631) p. 134, (633) p. 100). In 
feebly illuminated habitats ((631) p. 135) further development may be 
arrested for long periods and, since abundant propagation of this 



45 6 FLORIDEAE (VEGETATIVE SYSTEM) 

juvenile stage is effected by monosporangia (fig. 15 1 B, m) resembling 
those of Acrochaetium (p. 623), such stages were in the past regarded 
as independent species and referred to the genus Chantransia (p. 450).^ 
Monospores may be formed in quite early stages (fig. 15 1 G). The 
Chantransia-stdigt^ are stated ((643) p. 174) to show certain differences 
from Acrochaetium in colour and mode of branching. Those of Siro- 
dotia altogether resemble those of Batrachospermum ((640) p. 302). 




Fig. 1 5 1 . Batrachospermum. A, B, B. ectocarpum Sirod. Juvenile {Chantransia-) 
stages (after Sirodot); A with four adult shoots arising as lateral branches; 
B, with monosporangia. C-G, B. densum Sirod., stages in germination of 
carpospores (after Geitler). a, apical cell; basal and e, erect systems; 
/, lateral branches; w, monosporangia; segment; spy monospore. 

As a general rule adult shoots, recognisable by their broad squat 
cells, arise from the chantransioid stages before they have developed 
very far. They usually originate from one of the erect filaments or 
from a branch of such a fijament (fig. 15 1 A); they may, however, 
arise directly from the prostrate system ((71) p. 283, (73) p. 306, (355)). 
Largely, it is to be supposed, because of the frequent persistence of 

^ Here belong C. chalyheOy C. pygmaea, etc. (cf. (73)). Since such forms are 
often found apart from the mature plant, Brand ((74) p. 112) proposed the 
name Pseudochantransia for them. 
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Chantransia-st2igt^y they have been compared to the protonema of 
Mosses. This is justifiable, but it must be realised that they differ in 
no fundamental respect from the juvenile stages of diverse other less 
specialised Florideae ((770) p. 405) which are likewise heterotrichous and 
which commonly produce erect branches (fig. 153 C), apart from those 
giving rise to the mature plant {m ) ; they may also bear sporangia. 

The erect threads of the “ C/i«w<rflMs/a-stages ” not uncommonly 
produce descending rhizoids which spread over the substratum and, 
together with the cortical threads of the adult shoots, serve to extend 
the prostrate system. These rhizoids may bear erect branches closely 
resembling the secondary laterals formed from the cortical threads of 
the mature plant ((71) p. 282). In B. Breutelii ((642) p. 359), from the 
Cape, the robust thick-walled erect threads of the chantransioid stage 
exhibit whorled branching and are covered below with a dense envelope 
of cortical threads from which secondary laterals may be formed. 

The type of mature structure seen in Batrachospermum is repeated 
with some modifications in diverse marine Florideae (cf. fig. 152 C), 
all with cylindrical branched thalli. In most of these, however, as a 
result of the denser juxtaposition of the whorls, a beaded appearance 
is not manifest, and the branches of the laterals of limited growth 
form a continuous, though not usually very closely compacted, enve- 
lope (cortex) to the long axes. Examples are afforded by Atractophora 
hypnoides ((68) p. 50, (147), (387) p. 12, (478) p. 388, (766) p. 397; fig. 
152 G) among Nemalionales; the Mediterranean Thuretella ((69) 
p. 185 fig. 152 C-E), Gloeosiphonia (see p. 459), Acrosymphytum 
purpuriferum (J. Ag.) Kyl.^ ((39) p. 12), and Dudresnaya among 
Cryptonemiales ; Calosiphonia ((39) p. 3, (68) p. 38, (389) p. 37) among 
Gigartinales ; as well as Crouania attenuata (Bornem.) Ag. ((50) p. 230, 
(272) p. 226, (276) pi. 106, (478) p. 384) and Wrangelia penicillata 
((69) p. 183, (386), (478) p. 382, (766) p. 373; fig. 152 A, F) among 
Ceramiales. Most of these are commoner in the warmer seas. 

The vegetative differences are not considerable. Most have a dome- 
shaped apical cell, but in Wrangelia (fig. 152 B) the segments (s) are 
oblique and cut off in succession five pericentrals, the first being always 
formed on the higher side of the segment which is situated alternately 
to right and left (/). The first pericentral gives rise to the most vigorous 
lateral of the whorl (fig. 152 A, w/), and it is from its basal cell {b) alone 
that the distichous branches of unlimited growth {la) are produced. 
Essentially the same structure is seen in Schimmelmannia ((389) p. 14, 
(599) p. 506, (634) p. 15), a member of Cryptonemiales with flattened 
pinnately branched thalli found in warmer seas. In Thuretella^ 
Dudresnaya, Atractophora (fig. 152 G, la), Calosiphonia and Schimmel^ 
mannia the branches of unlimited growth arise direct from one member 

' As Crouania Schousboei Thur. 

^ Dudresnaya pur pur if era J. Ag. The genus Acrosymphytum was established 
by Sjostedt ((634) p. 8; cf. also (499) p. 106). 




Fig. 152. A, B, F, Wrangelia penicillata C. Ag. ; A, part of a whorl with under- 
lying, axial cell (a); B, apical cell (ac) showing mode of segmentation and 
formation of laterals; F, transverse section through a mature part of the 
thallus. C-E, Thuretella Schousboei (Thur.) Schmitz; C, small part of 
thallus ; D, parts of two axial cells («) showing the bases of a whorl of laterals 
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of the whorl, in the last from the first lateral of each whorl; in Calo- 
siphonia the laterals arise from the middle of the axial cells. The thick- 
walled axial cells of Crouania bear only three members in each whorl. 
In Dudresnaya coccinea ((39) p. 3) the lower cells of the primary laterals 
subsequently enlarge almost to the size of the axial cells, while the 
abundant cortical threads likewise become large-celled ; as a result the 
mature structure simulates a multiaxial one. In the older parts of 
Wrangelia the laterals are shed and their basal cells become covered 
by a thick envelope of cortical threads (fig. 152 A, co ; F, c). In Atracto- 
phora (fig. 152 G) and Thuretella (fig. 152 D) the latter bear numerous 
branches (/) so that a relatively compact cortex is formed. 

In the early development of Dudresnaya ((106) p. 167, (129) p. 356, (339) 
p. 237, (69s) p. 10) the protuberance from the spore (fig. 152 H, I) gives 
rise (J, K) to a prostrate system of richly branching threads which soon 
unite to form a compact disc (L) growing mainly at its forward margin. 
Most of the numerous erect threads (M) terminate in hairs {h)y but some 
continue growth and produce the mature thalli (m) ; according to Killian 
((339) p. 240) the latter are lateral branches of erect threads (cf. Batracho- 
spermum). The early stages of Atractophora ((108) p. 274, (129) p. 321) are 
similar, although here the germinating spore divides by a vertical wall 
and remains recognisable within the prostrate disc that develops by out- 
growth of the two cells ; creeping threads arising from the peripheral 
cells divide at their tips to form secondary discs. 

As an example of firmer construction among these uniaxial types 
Gloeosiphonia capillaris ((68) p. 41, (276) pi. 57, (389) p. 10, (478) p. 387, 
(634) p. 13) may be described in somewhat greater detail; the richly 
branched thalli usually grow submerged. The apical cell (fig. 153 C, 
tn) divides like that of Batrachospermum, but the laterals arise from 
the middle of the axial cells. Each of these (fig. 153 B, a) produces a 
whorl of four laterals (/), the large basal cell {b) of which bears a 
number of one-celled branches spreading out in the horizontal and 
vertical planes. These secondary branches in their turn give rise to 
others with progressively smaller cells, the ultimate ramifications 
uniting, both in the transverse and longitudinal directions, with those 
of other adjacent laterals to form a cortex {co) covered by a well- 
defined surface-layer (5), the cells of which contain numerous 
branched ribbon-shaped chromatophores ((558) p. 277). The points of 
contact between the branch-systems of successive whorls are com- 
monly visible as darker transverse bands on the surface of the thallus. 
The younger parts bear numerous hairs (fig. 147 A). 

and cortical threads (co)\ E, transverse section through a whorl, with two 
fruits. G, Atractophora hypnoides Crouan, small part of thallus. H--M, 
Dudresnaya sp., germination of spores and juvenile stages; H-K, successive 
stages in germination; L, basal system; M, juvenile stage, with two adult 
shoots (w). a, axial cells ; 6, basal cells of laterals ; c, cortex ; ra, carposporangia ; 
cOy cortical threads; e^ erect thread; /z, hairs; /, laterals of limited and /a, of 
unlimited growth; ml (in A), first lateral of whorl; s, carpospore. (C-E after 
Bornet & Thuret; H-M after Killian; the rest after Kylin.) 
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The cortical threads, which arise both from the basal cells of the 
laterals and from the central cells, are almost colourless and therefore 



Fig. 153. A, D, Dumontia incrassata Lamour.; A, longitudinal section of part 
of thallus; D, habit. B, C, Gloeosiphonia capillaris Carm. ; B, transverse 
section of thallus; C, juvenile stage showing development of three adult 
shoots (m). axial cells; A, basal cells of laterals; basal system; co, cortex; 

basal disc; A, hairs; hy^ hyphae; /, laterals; j, surface-layer of thallus. 
(A after Kylin; B after Bornet & Thuret; C after Kuckuck from Oltmanns; 
D after Taylor.) 


more appropriately spoken of as hyphae. The majority occupy the 
interspaces between the laterals (fig. 153 B, hy) and later form a dense 
weft on the inner surface of the cortex, thus increasing the rigidity of 
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the peripheral cylinder. This is the more necessary, as the axial cells 
and the basal cells of the laterals disintegrate in older parts. Some of 
the hyphae produce secondary laterals which push between the 
primary whorls and add to the density of the cortex. 

The early stages of germination ((77) p. 288, (129) p. 353, (ssS) p. 277) 
resemble those of Batrachospermum^ although the original spore is 
stated to retain its contents. The primary filament gives rise to a one- 
layered disc which no doubt corresponds to the basal crust described 
by Kuckuck ((363) p. 199, (502) p. 242). This (fig. 153 C, hs) bears 
numerous short erect threads (e), often crowned by a unicellular hair 
(/?), and the mature thalH (m) are formed from one or more of these 
threads or their branches (cf. Dudresnaya, p. 459). Gloeosiphonia 
probably hibernates by means of these crusts ((558) p. 278). 

The common seaweed Dumontia incrassata (Z). filiformis Grev. 
((183), (276) pi. 59, 357 B, (380) p. 10, (475) p. 243, (558) p. 155), which 
likewise belongs to Cryptonemiales, shows an even firmer construc- 
tion of essentially the same type (fig. 153 A); the hyphae often form 
secondary pit-connections (p. 449) with other cells of the thallus. The 
branched fistular thalli (fig. 153 D), which may be a centimetre or 
more thick, arise from a broad perennial (cf. however (741)) basal crust 
{d). This (cf. also (76), (363) p. 199, (379) p. 9, (538) p. 26) consists of 
close-set vertical threads showing little branching and arising from 
a one-layered prostrate system. Certain parts of the crust may grow 
more actively and come to overlie others so that several strata may be 
recognisable (cf. Ralfsia among Phaeophyceae) ; by similar local 
growth the base of the annual frond becomes embedded in the crust 
after the upper part has disintegrated. The adult thallus is formed 
from one of the erect threads.^ The germinating spores ((129) p. 368) 
divide to form a compact cushion of cells bearing long unicellular 
hairs. 

The slight compression evident in Dumontia is more marked in 
Sphaerococcus coronopifolius (Gigartinales, fig. 154 A), although the 
ultimate branchlets are cylindrical. The detailed structure ((351) p. 346, 
(389) p. 47, (634) p. 36)^ is much like that of Gloeosiphonia (fig. 154 C), 
the flattening being due to the more vigorous development of the 
laterals arising from two of the four pericentrals ; the distichous branches 
originate from the apical cells of the favoured laterals. The early de- 
velopment is described by Chemin ((129) p. 427). Cf. also Plocamium 
(E/ 492). 

|A similar compression is seen in the stiff cartilaginous fronds of 
nimy species oi Gelidium (especially G. latifolium (Grev.) Thur. & 
Born. ((276) pi. 5 fig. 3) and Pterocladia^ which mostly show repeated 

^ Naegeli’s and Dunn’s accounts of the apical structure are erroneous. 
Dunn ((183) p. 435) states incorrectly that a number of threads are involved, 
although her fig. 1 1 shows the uniaxial structure quite clearly. 

^ Johnson’s description (328) is erroneous. 

® See (68) p. 57, (196), (205) p. 90, (288), (351) p. 700, <387) p. 25, (494). 
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pinnate branching (fig. 155 A). While the apical structure (fig. 155 B) is 
essentially like that of the genera previously considered, the uniaxial 
condition is only recognisable in the very youngest parts (cf. fig. 155 C), 
since the cells produced from the four primary pericentrals soon under- 




MM 


Fig. 154. Sphaerococcus coronopifolius C. A. Ag. A, habit; B, transverse section 
of mature thallus; C, apical cell and segmentation; D, commencement of 
hypha-formation ; E, diagram to show details of branching ; F, G, division of 
primary segments; H, the same, later stage 1-4 successive pericentrals and 
their products, a, axial cells; ac, apical cell; co, cortex; hy hyphae; /, laterals; 
py pericentral (basal) cells; Sy secondary laterals; sCy segment; sUy surface-layer 
of thallus. (A after Newton ; B after Kylin; the remainder after S^6stedt.) 

go pronounced lengthening and form an extensive medulla iw). The 
abundant hyphae {hy)y most of which have very thick walls, are in 
Pterocladia found only in the medulla, whilst in Gelidium they mainly 
occupy a more peripheral position. The early development ((129) p. 324, 
(339) p. 260) shows no evident prostrate system (fig. 155 D-G) and the 
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growth soon becomes erect. The thalli readily form adventitious 
branches from wounds ((367) p. 154). 

/Species of Ge lidium a re found both in the littoral region and in deeper 
water. The mainly prostrate fronds of the small G. pusillum (S^ckh.) 
Le Jol. ((276) pi. 53, fig. 6) are not uncommon near high-tide leyel, some- 
times intermingled with Catenella Opuntia; G. crinale is important in 



Fig. 155. Gelidium^ Ay G. crinale (Turn.) Lamour. ; B, C, G. cartilagineum 
Gain. ; Tterocladia capillacea (Gmel.) Born and Thur. A, habit showing 

cystocarpic {cy) and tetrasporic areas (t ) ; B, apical cell {ac) and segmentation ; 
C, transverse section of mature thallus; D-G, stages in germination, a, axial 
cell; aCy apical cell; c, cortex; hyy hyphae; m, medullary cells; py pericentral 
(basal) cells; r, rhizoids; 5, surface-layer of thallus; spy empty spore -membrane. 
(A after Taylor; B, C after Kylin; the rest after Killian.) 

similar situations in the Mediterranean ((36) p. 408, (226) p. 382) and 
other warmer seas. The tufts of Pterocladia capillacea ((276) pi. 53, fig. i) 
are common between tide-levels. Gelidiella {Echinocaulon Kiitz. (196) 
p. 158, (204) p. 529, (20s) pp. 88, 97), with small forms inhabiting warmer 
seas, has no hyphae. 

Although less specialised in its reproduction than most of the genera 
previously considered, Lemanea ((22), (23), (63), (380) p. 5, (502) p. 249, 
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(629), (717), (772)) shows marked modification of the ordinary uniaxiai 
type. The species are usually found during the cold season, attached 
to rocks in water-falls and torrents ; they favour siliceous waters ((262) 
p. 52). They are grouped in two subgenera Eulemanea and Sacheria 
(23), which show certain differences in structure. The thalli take the 
form of stiff, olive-green or greenish-black bristles (fig. 156 A), which 
are simple or branched and normally reach a length of 15-20 cm. 
Growth is effected by the usual dome-shaped apical cell (fig. 156 I, w), 
but for some little distance behind the apex the axial thread and its 
whorled branches are little obvious, although evident enough in the 
maturer parts (fig. 156 H, K, L). 

The segments of the apical cell (fig. 156 I, cut off four pericentrals 
(/>), the two first formed (fig. 156 B, i) being larger than the others. 
After this (fig. 156 I) small cells (u) are cut off at the upper ends of the 
pericentrals (/>), two' from each of the larger, but only one from the 
smaller; in transverse sections therefore either six (fig. 156 D) or four 
(fig. 156 C) cells are found surrounding the axial cell. All of the peri- 
pheral elements subsequently divide horizontally (cf. segments 13-ig 
in fig. 156 I, J) to produce vertical rows of cells (6 above (u) and 4 
below (/)) which surround the elongating central cell. Each peri- 
central (fig. 156 E-G, p) cuts off successively on its outer side three 
cells (r), and a similar division takes place in each cell of the above- 
mentioned rows (cf. segment ig in fig. 156 J). This results in the 
formation of a small-celled cortical layer (fig. 156 K, c) on the outside 
of a row of more elongate cells («, /). By further periclinal division of 
the peripheral cells (fig. 156 H) the cortical envelope becomes suc- 
cessively 2- to 4-layered. 

In the older parts the axial cells (fig. 156 H, K, L, a) are separated 
from the cortex by a space and have undergone great elongation. Just 
beneath the septa they bear whorls of four laterals (fig. 156 L), the 
large basal cells (b) of which are produced from the inner parts (fig. 
156 G, b) of the pericentrals; in Sacheria (fig. 156 K, b) these basal 
cells are T- or L-shaped, in Eulemanea (fig. 156 L, b) clavate. It is by 
their marked radial elongation that the compact superficial tissue of 
the younger parts is separated from the axial thread. From the outer 
ends of the basal cells (fig. 156 K, L) arise the ascending (w) and 
descending (/) threads (generative filaments of Atkinson), which occupy 
the inner surface of the wall of the bristle. Their elongate cells are 
derived from the rows above described. In Sacheria they are closely 
applied to the wall of the bristle, while in Eulemanea (fig. 156 L) they 
are connected with it by oval or pyriform cells {cOy the tie-cells of 
Atkinson) which arise at regular intervals. The number of longi- 
tudinal threads (6 above and 4 below) remains constant for a con- 
siderable distance in Sacheria, but in Eulemanea branching soon 
occurs so that there are 8 ascending and 8 descending filaments ((22) 
p. 202). 
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Fig. 156. Lemanea. A, L, nodosa Kiitz. (after Sirodot); B-'K, L. (Sacheria) 
fluviatilis Ag. (after Kylin); L, L. australis Atkins (after Atkinson). A, habit; 
B-H, transverse sections at successively lower levels; I, J, surface-view of the 
apical part of a bristle, the numerals corresponding to the successive segments ; 
K, longitudinal section through a somewhat older part; L, the same (partly 
diagrammatic and greatly enlarged) through a mature region, at the level of a 
primary whorl, with carpogonial branches {ch). a, axial cells ; by basal cells of 
primary whorls; c, cells of primary cortical layer; chy juvenile threads; cOy 
tie-cells ; dy “node ” of bristle (point of contact of branch-systems of successive 
whorls); hyy hyphae; /, descending longitudinal threads; m, apical cell; 
py pericentral; r, cortical cells; r, segment; ty trichogyne ; «, ascending longi- 
tudinal threads. 
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The numerous short branch-systems, arising from the cells of the 
longitudinal threads and formed by the periclinal divisions above 
described, constitute the compact 2-4-layered cortex (fig. 156 L, r). 
The outer layer or layers are composed of small cells plentifully 
supplied with chromatophores. The swellings seen at regular intervals 
on the bristles (fig. 156 A, K, d) mark the points of contact of the 
ultimate branch-systems of successive whorls (cf. Gloeosiphonia) and 
lie approximately midway between two points of branching of the 
axial row. Hyphae are found only in Eulemanea (fig. 156 L, hy), being 
produced from the proximal ends of the basal cells ; they entwine the 
axial cells and partly fill the central cavity. They usually grow down- 
wards, but in L. parvula Sirod. ((6^9) p. 19) they grow upwards. 
Branching of the bristles ((22) p. 210) is effected by the outgrowth of a 
pericentral ; the cavity of the branch communicates with that of the 
parent bristle. 

The species of Sacheria are often more richly branched and seem to 
favour more turbulent water than those of Eulemanea. To the latter 
belong L. annulata Kiitz. and L. torulosa Sirod., while Sacheria includes 
such common species as L. fluviatilis Ag., L.fucina Bory, and L. mamil- 
losa Kiitz. (regarded by some as a form of L. fucina). L. torulosa has 
been found in the littoral flora of lakes (546). 

The carpospores of Lemanea germinate in the last months of the year, 
often within the old bristles, and form a juvenile stage (fig. 157 C, G, ch) 
which resembles that of Batrachospermum, although apparently less 
capable of independent existence; it is not known to produce mono- 
spores ((22) p. 180, (23) p. 227, (72), (129) p. 320, (S12) p. 191, (546), (629) 
p. 33, (693)). The perennial prostrate system may be filamentous or com- 
posed of polygonal cells. In Sacheria the erect threads are short, little 
branched, and ephemeral. The mature bristles arise direct from the 
prostrate system or from a lateral branch of an erect thread ((629) p. 54; 
fig. 157 C). They are at first uniseriate {le) and only differ from the other 
threads in their broad flat cells; they soon produce rhizoids (fig. 157 
A, r). Similar rhizoids emerge from the cells of the juvenile stage and 
both alike serve to strengthen the attachment and to extend the pro- 
strate system. Their tips may divide to form a secondary prostrate 
system (fig. 157 A, d) so that abundant vegetative propagation is effected 
and extensive mats are produced. According to Brand ((72) p. 187) cells 
in the wall of old bristles can also give rise to these juvenile stages. It is 
manifest that they are directly comparable to those of Dudresnaya, 
Gloeosiphonia y etc. (cf. also (247) p. 6). 

Tuomey a fluviatilis ((275) p. 64, (599) p. 327, (611)), found in streams in 
the Eastern United States, appears as rather rigid, richly branched 
tufts, up to 5 cm. high (fig. 157 F), fixed by a discoid attaching organ. 
In transverse section (fig. 157 D) the mature parts exhibit much the 
same structure as in Lemaneay the rather narrow cavity around the axial 
cell (a) being filled with plentiful hyphae {hy). The apices (fig. 157 B), 
however, show nothing of the pseudo-parenchymatous structure of 
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Lemaneay the developing whorls of laterals (/) being plainly recognisable, 
although behind the apex they become distally compacted to form a 
continuous surface. In these respects Tuomeya is intermediate between 
Batrachospermum and Lemanea, 

The series of genera considered in this section exhibit a uniform 
type of apical segmentation, combined with whorled branching. They 
differ chiefly in the degree of compactness attained, as well as in 



Fig. 157. A, Lemanea mamillosa Kiitz., base of plant (le) arising from juvenile 
stage (ch) showing rhizoids (r), in part producing secondary discs (d), 
B, D-F, Tuomeya fluviatilis Harv.; B, apex of a growing plant; D, part of a 
transverse section of a mature thallus ; E, small part of thallus (diagrammatic) ; 
F, habit. C, Lemanea annulata Kiitz., juvenile stage {ch) with young thallus 
(le) arising as a branch. G, Lemanea sp., young plant {le) with remains {ch) 
of the juvenile stage at the base, a, axial cell; ac, apical cell; hyy hyphae; 
iCy inner and oCy outer cortex ; /, lateral. (A after Atkinson ; C, G after Sirodot ; 
the rest after Setchell.) 

minor details of branching, hypha-production, etc. Lemanea is dis- 
tinguished by the parenchymatous structure of the tips, which require 
detailed study to relate them to the obvious filamentous construction 
of the maturer parts. In this respect Lemanea constitutes a transition 
from the uniaxial forms with a loose construction to the pseudo- 
parenchymatous forms dealt with in section 8 (p. 482). It must be 
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emphasised, however, that the diverse genera just considered do not 
constitute a taxonomic series. 

6. The simpler Types of Multiaxial Construction 
AND their Elaboration 


The species of Nemalioftf a simple multiaxial type belonging to the 
same order as Batrachospermunty commonly occur between tide-levels 
and are widely distributed in North Temperate seas, although more 



Fig. 158. A, C, D, Nemalion multifidum (Web. & Mohr) J. Ag.; A, habit; 
C, young plant; D, transverse section of mature thallus. B, Liagora tetra- 
sporifera Boerges., habit, a, axial threads; c, cortical region; ca, groups of 
carposporangia ; s, superficial layer. (A after Taylor; B after Boergesen; 
C after Rosenvinge; D original.) 

frequent in warmer waters. Outwardly the thalli appear as soft 
gelatinous cylinders reaching a length of 25 cm. and often (e.g. 
N, multifidum ; fig. 158 A; (276) pi. 36) showing some dichotomous, as 
well as lateral branching ((ssS) p. 144); in Ni helminthoides (Velley) 
Batt. ((34) p. 59; N. luhricum Duby), however, branching is very 
limited. The thalli are attached by a discoid base. 

The structure ((136) p. 324, (558) p. 144) is readily deciphered by 
exerting gentle pressure under a cover-glass on the tip of a branch. 
The threads of the multiple axis, each provided with an apical cell 
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devoid of chromatophores, all reach to about the same level (fig. 
158 C) and bear numerous richly branched laterals of limited growth 
(cf. also fig. 159 A). Near the summit these form a radiating group, 
but farther back they assume a more horizontal disposition and con- 
stitute an envelope (c) around the axial threads (a), the density of 
which is increased by the intercalation of further laterals. The 
ultimate branches of the latter reach a uniform level and give the 
fronds their even surface. In transverse sections of older parts (fig. 
158 D) the axial threads (a) are separated by a wide space, occupied 
by mucilage and traversed by the proximal parts of the laterals (tr), 
from the more compact cortical region. The narrow elongate axial 
cells are devoid of chromatophores, but the superficial cells contain 
a conspicuous stellate chromatophore with a central pyrenoid and 
usually bear hyaline hairs ((50) p. 62, (136) p. 327, (36s), (748) p. 610). 
The Californian Cumagloea ((233) p. 398) shows much the same struc- 
turerThe dichotomous branching of N. multifidum is due to periodical 
separation of the apical threads into two groups (cf. fig. 159 A). 

Essentially the same structure is found in Platoma BairdiP ((363), 
(379) p. 5) in which the thallus is slightly flattened. Here the axial 
threads protrude, since laterals are only formed a little way below the 
apex (fig. 159 A). Hyphae arise from their basal cells and give rise to 
secondary laterals. 

The carpospores of Nemalion commence to germinate ((131), (136) 
p. 342, (379) p. 3, (429)) like those of Batrachospermum (p. 455), but the 
protuberance arising from the spore appears to divide horizontally 
into an upper cell producing an erect thread and a lower one giving 
rise to the prostrate system. Later stages (cf. also (558) p. 144) are 
definitely heterotrichous, with a basal system of short rounded cells, 
bearing well-branched erect threads, and the mature thallus no doubt 
arises by further development of a group of the latter ; the juvenile 
stage may last for some time before the erect fronds develop ((129) 
p. 312). In Platoma ((363) p. 196) the spores produce a basal crust 
(fig. 159 D), the erect threads {e) of which are closely apposed below 
and may bear sporangia [sp) ; certain groups of threads sooner or later 
grow out into erect thalli {th). 

Diverse other Nemalionales possess a similar, though rather more 
compact, structure. Examples are furnished by Liagora (fig. 158 B- 
(9) p. 96, (so) p. 66, (320) p, 554, (727) p. 198, ( 7 S 4 )) where there is often 
appreciable calcification, Trichogloea ((91), ( 666 ) p. 206), the often large 
Helminthocladia CalvadosiP ((558) p. 147), and Helminthora divaricata^ 

^ Nemastoma Bairdii Farlow ((34) P- 94, (193) p. 142); Helminthocladia 
Hudsoni Batt. non Ag. (33) p. 377)- Bornet & Thuret ((68) p. 47) describe the 
structure of another species (P. marginifera (J. Ag.) Schmitz). 

* H. purpurea J. Ag. (cf. (234) p. 212); Nemalion purpureum Chauv. ((276) 
pi. 161). 

® Dudresnaya divaricata J. Ag. ((276) pi. 110). 
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Fig. 159. A, D, E, Platoma Bairdii (Farl.) Kuck. ; A, diagrammatic represen- 
tation of the tips of two branches in course of dichotomising; D, juvenile 
stage, bearing tetrasporangia {sp) and a developing thallus {th) ; E, one of the 
lateral branch-systems. B, Helminthocladia Calvadosii (Lamour.) Setch., part 
of lateral branch-system with sex organs. C, Helminthora divaricata J. Ag., 
longitudinal section of small part of mature thallus, with cystocarps {cy). 
ay apical region of thallus; ariy antheridia; by basal system of juvenile stage; 
Cy chromatophores ; cpy carpogonium; e, erect threads of juvenile stage; A, 
hairs ; /, lateral ; m, multiple axis ; py pyrenoid ; t, trichogyne. (B after Rosen- 
vinge; C after Thuret & Bornet; the remainder after Kuckuck.) 
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((558) p. 63) ; the last two are, like Nemaliotty short-lived summer-forms 
((362) p. 445), with plentiful monopodial branching, found near low-water 
mark. In Helminthocladia (cf. also (450) p. 235) the cells of the laterals 
(fig. 159 B) are appreciably larger than those of the axial threads and 
increase in size towards the periphery, while in Helminthora (fig. 159 C) 
the axial threads (m) are large-celled. Unicellular hairs occur in both 
((673) p. 218). The deposition of lime in Liagora may be confined to the 
cortex, but in some species the axial region becomes calcified at some 
distance from the apex; in this genus there is often considerable pro- 
duction of hyphae. 

The germinating spores of Helminthocladia and Helminthora give rise 
to a filamentous or discoid prostrate system, the cells of which in the 
former are stated (106) to contain a number of parietal discoid chromato- 
phores. The mode of origin of the erect thallus is not clearly established, 
but the prostrate system no doubt gives rise to the discs by which the 
adult plants are attached. 

Somewhat greater specialisation is found in Scinaia furcellata^ 
(Nemalionales) ((68) p. 18, (202) p. 272, (266) p. 288, (617) p. ^2, (671)), 
widely distributed in the Mediterranean and Northern Atlantic, and 
for the most part occurring below low-tide level. The gelatinous thalli 
(fig. 160 A), usually io~20 cm. in length, are attached by a discoid 
holdfast and show a compact tufted habit with abundant dichotomous 
branching. The apices of the axial threads are sunk in a depression 
(fig. 160 C, a) owing to rapid growth of the adjacent laterals. Near the 
summit the terminal cells (/) of the latter are elongate, but farther 
back many of them enlarge to form a layer of colourless vesicular cells 
(fig. 160 B, e) which contain light-reflecting bodies ((37) p. 697; cf. 
also p. 585). The photosynthetic cells {p) are largely subterminal, 
although certain narrow terminal ones, which bear hairs (especially 
on the younger parts) as well as reproductive organs (monosporangia, 
antheridia, cf. pp. 620, 623), also play a part; these cells may later 
become vesicular. The chromatophores are devoid of pyrenoids. 

The inner cells of the laterals produce downgrowing hyphae which 
are stated ((617) pp. 86, 92) also to envelop the threads of the axial 
strand. The early development ((105), (129) p. 360) does not differ 
essentially from that of other Nemalionales. 

The species of Galaxaura ((21) p. 32, (so) p. 88, (sO p. 65 ; (342), (666) 
p. 212, (682) p. 594, (683), (711), (727) p. 208), found in warmer seas, have 
a similar structure with the same kind of apical depression, but the 
cortex is here usually strongly calcified (fig. 161 A), in some species 
(e.g. G. corymbifera Kjellm.) with joint-formation. The end-cells of the 
laterals contain a campanulate chromatophore with a large central 

^ Ginnania furcellata (Turn.) Mont. ((276) pi. 69). Regarding other species, 
see (617). Some authorities ((105) p. 93, (265) p. 85) regard the deep-water form 
of Harvey as a species (S. subcostata (J. Ag.) Chemin) distinct from the 
S. furcellata found in the lower part of the tidal zone. 
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pyrenoid. Asexual and sexual plants often show a striking dimorphism. 
Chaetangium ((599) p. 339), represented by a number of species in 
Southern seas, shows diverse forms of uncalcified thalli, which are 
sometimes saccate ; the structure is comparable to that of Scinaiay but 
in C. saccatum (448) there is no apical depression. 

multiaxial structure, combined with marked calcification, is seen 
in Cor^z/Z/wai^Cryptonemiales) ((652) p. 29, (692) p. 94, (758) p. 23). The 



Fig. 160. Scinaia furcellata (Turn.) Bivona. A, habit; B, small part showing 
the ends of the lateral branch-systems; C, apex of thallus. a, apical cells; 
By vesicular “epidermal” cells; w, mucilage -enve lope ; />, photosynthetic cells; 
ty tips of lateral threads. (A after Taylor; B and C after Svedelius.) 

erect thalli (fig. 161 C, D), composed of numerous calcified segments 
separated by uncalcified horny and flexible joints, arise from an often 
extensive basal crust which is commonly lobed. The normal colour is 
purple or red, although exposed plants are often pink or white as a 
result of bleaching. C*. officinalis L. ((276) pi. 222), widely distributed 
between tide-levels in the Northern Hemisphere, and C. mediterranea 
Aresch., an important constituent of the Corallina-girdlt situated at 
about low-tide level on exposed shores in many parts of the Mediter- 
ranean ((36) p. 410^ (197) p. 202, (226) p. 257), s^ow pinnate branching 

^ For other Corallinaceae, see p. 506. 




CORALLINA 


473 

so that they present a characteristic feathery habit (fig. i6i C, D); 
permanently submerged plants are far less plentifully branched. 
Other species, like C. rtihens^ (fig. i6i B), a widely distributed epi- 



Fig. i6i. A, Galaxaura lapidescens (Sol.) Lamx. (after Boergesen). B, Coral- 
Una ijania) rubens Ellis & Soland. (after Thuret & Bornet), bearing male (m) 
and female (/) conceptacles, as well as conceptacles of the parasitic Choreonema 
Thureti (Born.) Schmitz (c); h, hairs. C, D, C. officinalis L. (after Taylor); 
C enlarged. 

phyte between tide-marks, and C. pumila (Lamour.) Kiitz. {Jania 
putnila Lamour. (50) p. 19 1), frequent in warmer seas, show true 
dichotomy, the successive planes of branching intersecting at various 

^ Jania rubens Lamour. ((276) pi. 252). The gQnus Jania is often regarded as 
a subgenus of Corallina (cf. however (so) p. 191, (760) p. 123). C. rubens may 
also show lateral branching ((351) p. 721, (558) p. 275), but according to 
Suneson ((659) p. 38) this occurs only in the forma corniculata. 
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angles ((351) p. 707, (659) p. 38). C. squamata Ellis ((276) pi. 201), with 
flattened upper segments, is found near low- water mark. Conspicuous 
growths of Corallina occur between tide-levels in many parts of the 
world (cf. (227)). 

The multiaxial structure is readily recognised after slow decalci- 
fication. The axial threads are composed of elongate cells, often 
arranged in horizontal series (fig. 162 F, L, especially marked in 
C. rubens (558) p. 276) and showing lateral fusions (fig. 162 G, H). 
Their numerous branches (fig. 162 B, L) bend out gradually to form 
a compact but not sharply delimited cortex (c, very narrow in C. 
rubens, fig. 162 F), the superficial cells of which are markedly flattened 
{cover-cells, co, p. 507). In C. rubens (fig. 162 F) and certain other 
species the enlarged end-cells of some of the cortical rows grow out 
into hairs {h), which are not separated from the parent-cell ((659) 
p. 38). The peripheral cells contain a number of chromatophores. 

The apex resembles that of Nemalion} Branching (fig. 162 B) is 
initiated in C. officinalis and C. mediterranea by the outgrowth of the 
axial threads (^) into usually three apical protuberances (fig. 162 A), 
the median one {m) serving to continue the main axis, while the two 
lateral ones (/) give rise to pinnae ; when more than two pinnae are 
produced, some may develop outside the normal plane of ramification 
((558) p. 270). Adventitious branches occasionally originate from older 
parts. 

In the formation of a new segment the axial threads elongate con- 
siderably (fig. 162 B) without septation ((558) p. 272, (652) p. 28, (659) 
p. 30, (759) p. 26), while cytoplasm accumulates at their tips; later 
these are cut off by transverse septa and divide to form the new 
segment. The lower portions of the original outgrowing threads do not 
divide,'^ but with continued lengthening and gradual thickening of 
their walls develop into the joint (geniculum, fig. 162 A, L, g) which 
bears the new segment above, \njania (fig. 162 F, (724) p. 85) the 
joint-cells {g) are about as long as those composing the axial threads, 
but in other species of Corallina they are appreciably longer (fig. 
162 L); they produce little or no cortex and what is formed dis- 
organises at an early stage ((652) p. 28). Since deposition of lime takes 
place mainly between the cortical threads, the joints remain un- 
calcified and, although they become more or less overgrown by the 
cortex of the adjacent segments (fig. 162 L), there is always a gap 
where the component threads are freely exposed. 

The germinating spores ((652) p. 23, (692) p. 100) give rise to a 
rounded or elliptical disc (fig. 162 C, D) which no doubt develops into 

^ In C. mediterranea ((652) p. 31) each apical cell is covered by a thick 
lamellate wall, slightly impregnated with lime in its outer part, while in 
C. rubens ((652) p. 38) there is only a gelatinous layer over the apex. 

^ Solms-Laubach’s statement that they later develop a few transverse walls 
has not been confirmed by later workers. 




Fig. 162. Corallinaceae. A-I, K, L, Corallina] A, L, Corallina sp.; B-F, 
C. rubens Ell. & Soland. ; G-I, K, C. officinalis L. A, longitudinal section of 
part of thallus with 3 tetrasporic conceptacles {te ) ; B, longitudinal section of 
a dichotomising apex; C-E, successive stages in germination; F, longitudinal 
section of a terminal segment with the underlying joint {g ) ; G-I, cell-fusions; 
K, edge of basal crust in vertical section; L, longitudinal section through a 
joint (g) and parts of 2 adjacent segments. J, Amphiroa rigida Lam., longi- 
tudinal section through two segments, with joint (g). axial threads; r, 
cortex; co, cover-cells; g, joint (geniculum); hair; /, lateral and m, main 
segments ; n, nuclei ; s (in J), rows of short axial cells ; t, tips of outgrowing 
axial threads; te, tetrasporangia. (A, photo: R. Cullen; B, F, J after Suneson; 
C-E after Thuret & Bornet; G-I, K after Rosenvinge; L, original.) 
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the basal crust of the mature plant'^ In C. officinalis ((ss8) p. 269) this 
crust (hg. 162 K) consists in its lower part of threads with horizontally 
elongated cells bearing ascending short-celled filaments, each termi- 
nating in a cover-cell (co), a structure closely resembling that of the 
encrusting Melobesieae (p. 508). Several erect shoots usually arise 
from one and the same crust and a joint is formed at the place of 
origin of each. 

The reproductive organs of Corallina are borne in conceptacles 
(figs. 245 I ; 250 C ; and p. 644) which, in C. officinalis and C. medi- 
terraneay occupy the apices of the branches, although the former 
species also produces lateral conceptacles (fig. 162 A, te) which some- 
times fuse with one another; according to Solms-Laubach ((652) p. 30) 
such lateral conceptacles are really formed at the tips of short ad- 
ventitious branches. In C. mediterranea (fig. 250 C) the outer surface 
of the conceptacles usually bears a considerable number of stiff hairs. 
\ii Jania (fig. 16 1 B) new segments arise from the upper corners of the 
young female conceptacles (/) so that the latter are lodged between the 
uppermost forks of the thallus ; the male conceptacles (m) are terminal 
on special branches. 

Amphiroa ((652) p. 28, (659) p. 46, (724) p. 79» ( 7 s 8 ) p. 5), with a similar 
habit, differs in certain anatomical details (fig. 162 J). The characteristic 
cover-cells (co) extend right over the apex, whereas in Corallina they 
only appear at some distance below it. The elongate cells of the axial 
threads are interrupted at intervals (5) by rows of short ones, a feature 
which is perhaps related to periodic growth. In certain species the 
joints consist of two (e.g. A, rigida^ fig. 162 J, g) or several {A. dilatatay 
A. crassa Lamx.) rows of cells of about the same length as the other 
axial ones. Adjacent cells in medulla and cortex are connected by 
secondary pits ((659) p. 49» <7S9) pp. 24, 39) like those of Lithophyllum 
(p. 509). The conceptacles of Amphiroa occur over the whole surface of 
a fertile branch. Cheilosporum ((724) p. 105, (759) p. 17) differs from 
Corallina mainly in the development from the upper ends of the seg- 
ments of horn-like outgrowths which usually harbour the conceptacles. 
Recent workers (cf. (445,724,760)) distinguish a number of other genera 
with a CorallinaA\\ic habit. 

Furcellaria fastigiata ((276) pi. 94), a widely distributed, dark or 
greenish-purple, perennial lithophyte, belonging ' to Gigartinales, 
exemplifies a firmer construction, without accompanying calcification. 
The rather coarse, dichotomously branched cylindrical thalli, which 
arise in some numbers (fig. 163 B, E) from a system of branched 
stolons (st) ((98) p. 91, (353) p. 46, (65s) p. 400), are often sublittoral, 
although conspicuous in the lower part of the littoral region on some 
shores ((633a) p. 35). 

The structure ((98), (170) p. 9, (502) p. 260, (558) p. 164, (744) p. 86 ), 
like that of Lemanedy can be readily deciphered only by means of 
sections, although after suitable treatment (see p. 499) most details 



Fig. 163. A, B, D, E, Fur cellar ia fas tigiata (Huds.) Lamour. ; A, longitudinal 
section of tip of thallus; B, habit; D, small part of transverse section of a 
mature thallus; E, basal part of thallus showing stolons C, Polyides 
rotundas (Gmel.) Grev., habit, c, co, cortex; hyy hyphae; /w, cells of central 
axis; /, lateral; mw, mucilage-envelope. (A after Oltmanns; B, E after 
Kolkwitz ; C after Newton ; D after Rosenvinge.) 

Transverse sections through the older parts show a compact structure 
with considerable differentiation (fig. 163 D). The cells of the axial 
threads (m) have thick stratified membranes and are surrounded by 
several layers of large cells {c)y constituted by the basal portions of the 
laterals and at certain times crowded with starch. The small peripheral 
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cells (fig. 163 A, co) are provided with plentiful chromatophores. 
Hyphae (fig. 163 D, hy), which aid in the storage of starch during 
autumn and winter and run mainly in the transverse direction, arise 
from the inner cortical cells and also ((170) p. 10) from the axial threads ; 
they occur abundantly among the central elements. 

The normal branching is stated to be a true dichotomy ((351 ) p. 348), 
but there are also adventitious branches ((170) p. 3, (558) p. 166) with 
a narrow attachment, arising from groups of surface-cells. The tips 
of the thalli which are crowded with starch ((353) p. 47) become dilated 
when reproductive organs are formed (fig. 253 C, D). The rest of the 
thallus persists after these fertile tips are shed and from the scars 
adventitious shoots may arise which may in their turn become fertile. 
The germinating spores ((558) p. 170) produce a hemispherical mass 
of cells giving rise to the cylindrical frond ; at an early stage stolons 
arise from its base and produce other erect fronds. 

Very similar in outward habit to Furcellaria is Polyides rotundus 
((276) pi. 95) which belongs to Cryptonemiales. The compact reddish- 
brown thalli (fig. 163 C) arise in some numbers in each season from 
a perennial disc (d), which may be nearly a centimetre in diameter and 
has much the same structure (cf. (170) p. 4, (353) p. 51, (363) p. 198) as 
that of Dumontia (p. 461); the older discs are stratified. The thalli 
show essentially the same structure as those of Furcellaria ((98) p. 93, 
(170) p. 6, (692) p. 75), although the photosynthetic tissue is more ex- 
tensive and hyphae are fewer. Adventitious shoots frequently arise 
from the scars left by decay of the thallus-tips. The early stages 
appear to resemble those of Furcellaria ((692) p. 79). 

The tropical Dermonema gracile (Mart.) Schmitz ((293) p. 289, (681)), 
a member of Nemalionales, possesses an even firmer texture, the short 
coarse, repeatedly branched thalli standing erect even when exposed by 
the tide. This may be related to the presence of a cylinder of thick- 
walled mechanical cells running longitudinally at the periphery of the 
loose medulla. 

Brief mention may be made of the Grateloupiaceae (Cryptonemiales) 
((39) p. I, (50) p. 122, (58) p. 53, (202) p. 323, (389) p. 19, (634) p. 15) com- 
prising forms with compact thalli in which the medulla consists of 
widely separated stellate cells (fig. 164 B, C) ; these owe their distinctive 
shape to the elongate pit-connections {p) which become drawn out 
during the enlargement of the thallus. There are also more or less 
numerous, often thick-walled hyphae. Grateloupia filicina (fig. 164 A) 
with a pinnately branched, and G. dichotoma J. G. Ag. with a forked 
thallus, are widely distributed and tend to grow where fresh (and often 
polluted) water enters the sea. Cryptonemia and Halymenia are forked 
leafy forms common in warmer seas. All the contents of the spore pass 
into a protuberance which divides to form a disc, from which groups of 
erect fronds arise ((39) p. 5, (129) p. 363, (339) p. 235). 

The Mediterranean Sebdenia Monardiana (Gigartinales), with a leafy 
thallus, has a medulla composed of numerous interlacing filaments 
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interrupted, especially in the younger parts, by similar stellate cells ((39) 
p. 4, (251) p. 266, (634) p. 23). 

The only fundamental difference between the series of forms de- 
scribed in this and the preceding sections lies in the presence of a single 
or of a number of axial threads. The early stages are often very similar 
(cf. Gloeosiphonia, fig. 153 C and Flatoma^ fig. 159 D) and the under- 
lying heterotrichy is obvious in all the less specialised types. In 
tracing the further elaboration of the Floridean thallus, some reference 
must first be made to certain more specialised uniaxial types among 
Nemalionales in which the whorled branching characteristic of the 
more primitive forms is obscured. 



Fig. 164. Grateloupia filicina (Wulf.) Ag. A, habit; B, cells of medulla; 
C, longitudinal section of small part of thallus. co, cortex; w, medulla; /), pit- 
connections. (A after Kutzing; B, C after Kylin.) 


7. Specialised Uniaxial Types among Nemalionales 

Naccaria Wigghii ((68) p. 52, (147), (276) pi. 38, (387) p. 15, (766) p. 387), 
in habit much like Atractophora (p. 457) and belonging to the same 
family, has an apical cell (fig. 165 A, m) which divides by oblique walls 
so that the segments (s) appear wedge-shaped, the wider part being 
orientated successively in four different directions. Each segment 
forms only two pericentrals (fig. 165 B); the first (a) is cut off near 
the apex on the higher side (acroscopic), the second (b) only at some 
slight distance from the apex at the lower end (basiscopic) of the 
elongating segment and in a plane perpendicular to the other. The 
respective pericentrals produce primary (pi) and secondary {si) 
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laterals of limited growth, the former being longer and more richly 
branched than the latter ; the secondary lateral of a given segment is 
only slightly above the primary one of the segment below and stands 
almost opposite to it. The laterals are thus arranged in four vertical 
rows. Hyphae {hy) originate as usual from the basal cells, and in the 
younger parts bear short photosynthetic threads which subsequently 
fall off. The. hyphae give rise both to the small-celled surface-layer 
and the large-celled cortex which surround the narrow axial cells in 
the mature thallus, whose increase in thickness is due to branching of 
the hyphae. Branches of unlimited grov^h (fig. 165 B, 6r) arise from 
the basal cells (cf. Batrachospermum) of certain primary laterals, but 
they can also develop adventitiously from the cortical cells. The early 
stages ((108), (129) p. 316) are essentially like those of Atractophora. 

The same type of apical division, with formation of only two (here 
opposite) laterals from each segment (fig. 165 D, J), is seen in the 
Bonnemaisoniaceae, comprising Asparagopsis and Bonnemaisonia. 
Asparagopsis^ which has its chief centre in warmer seas and in the 
Southern Hemisphere, is represented in Europe by A. armata Harv. 
((277) pi. 192) introduced from Australia (cf. (19s) p. 791, (569) p. 8, 
(679) p. 7, (738)) and by A. hamifera^ (fig. 165 E; (492) pis. 183-4) 
introduced from Japan (cf. (30) p. 9, (88), (121), (142) p. 136, (311), (567) 
p. 22). The rather small, well-branched, erect fronds arise from 
creeping shoots which are probably perennial ; they are distinguished 
by the possession of vesicular cells (p. 587), also characteristic of 
Bonnemaisonia^ and of modified branches which act as attaching 
organs (fig. 165 E, t) and aid in vegetative propagation (p. 588). Both 
species have been repeatedly studied. ^ 

The higher sides of the segments lie on a 1/4 spiral in A. armata, 
on a 3/8 spiral in A. hamifera and give rise to primary laterals (fig. 165 
D, pi) which develop into unbranched sterile structures of limited 
growth. A few of the secondary laterals {si), cut off opposite to the 
primary ones, grow out into long shoots, but most remain short and 
bear the reproductive organs; both kinds are branched, forming 
primary and secondary laterals like the parent axis. The first (adaxial) 
primary lateral of a short shoot grows very rapidly and overarches the 
latter so that the short shoot appears to arise from the base of the 
lateral. 

In Bonnemaisonia asparagoides^ ((276) pi. 51), an annual lithophyte 
usually found submerged, the main axes bear progressively weaker 
laterals which are pinnately branched to the second degree. The 
wedge-shaped segments of the apical cell (fig. 165 J) are orientated 

^ Bonnemaisonia hamifera Hariot (cf. however (208)). 

* See (121), (141) p. 136, (200), (265) p. 105, (387) p. 23, (679) p. 7; regarding 
A. taxiformis (Delile) Collins 8c Hervey (A. Delilei Mont.; Dasya Delilei 
Mont.), see (21) p. 47, (so) p. 352. 

* See (145) p. 52, (372), (376) p. 546, (558) p. 401, (744) p. 73 * 



Fig. 165. A, B, Naccaria Wigghii (Turn.) Endl.; A, apex of a thallus-branch ; 
B, production of laterals, etc. behind apex. C, F-J, Bonnemaisonia asparagoides 
( Woodw.) Ag. ; C, transverse section of a primary lateral just behind the apex ; 
F, G, segmentation of spore; H, juvenile stage; I, surface-view of cortex (co) 
of a primary lateral ; J, apex of a branch showing method of segmentation and 
the fonnation of the cortex on the primary laterals (pi). D, E, Asparagopsis 
hamifera (Hariot) Okam. ; D, apex of a thallus-branch; E, habit, a (in A and 
B), first and b (in B) second pericentral ; aXy axial cells ; br^ branch ; co (in I and 
J), primary cortical cells; hy^ hyphae; w, apical cell; pc (in C and J), peri- 
central cells; ply primary laterals; 5, segments of apical cell; sCy secondary 
cortex; sly secondary laterals; ty tendrils; Vy vesicular cells. (E after Taylor; 
the rest after Kylin.) 
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in two opposite directions and all the branching is distichous. The 
primary [pi) and secondary {si) laterals develop as in Asparagopsis. In 
both genera (see (141) p. 140, (387) p. 24) they develop a cortex which 
arises in a different manner on the primary and secondary laterals. 
The cortex may be of considerable thickness on the older axes of 
Asparagopsis and is separated by a space, occupied by hyphae in 
A, taxiformis (cf. (so) p. 354), from the elongate axial cells. 

In Bonnemaisonia the segments of the primary laterals (fig. 165 C) 
divide into a small central and three pericentral cells (pc), the first of 
which is situated on the abaxial side (fig. 165 J, pc) and forms a vesicular 
cell (t;) at its upper end. After this each pericentral cuts off four 
primary cortical elements (co), any one of which may divide with the 
formation of further vesicular cells. As the axial cells elongate, the 
primary cortical elements form a compact large-celled layer around 
them (fig. 165 I, co) and by degrees the cells of this envelope cut off a 
considerable number of small cells (^c) which overlie the septa between 
the large ones and in part become vesicular cells (r;). 

In the long shoots, that develop from the secondary laterals, the first 
four or five segments of the apical cell are cut off transversely and these 
form a cortex in the way just described. That of the later segments, on 
the other hand, originates by the cutting off of three pericentrals from 
the basal cells of the laterals ; each pericentral cuts off four cells which 
divide again and again to form a compact two-layered cortex. The 
fertile shoots are described on p. 617. The early development ((129) 
p. 322, (251) p. 261, (379) p. 12) results in the formation of a basal disc 
(fig. 165 H), the first divisions of the carpospores being vertical to the 
substratum (fig. 165 F, G). 

The three genera just described are clearly more specialised than 
other Nemalionales. They demonstrate that, even in this order, there 
has been considerable vegetative advance and this is also evident in 
their reproduction (p. 616). Oblique division of the apical cell is 
found also in many of the uniaxial Cryptonemiales and Gigartinales 
where definite two- or three-sided apical cells are encountered. 

8. The more spe cialised Uni- and Multiaxial Types 
AMONG Cryptonem iales and uigartinales 

Although the basic mode of construction remains the same, many 
members of these two orders afford evidence of specialisation in one 
direction or another. In several the uniaxial structure becomes ob- 
scured in the mature thallus. These features may be illustrated by the 
description of selected examples which have been fully studied. 

(a) Uniaxial Forms 

A definite two-sided apical cell is found in diverse Cryptonemiales, 
such as Cryptosiphonia (Dumontiaceae; (389) p. 23, (634) p. 4; fig. 166 
A, a)y Endocladia ((387) p. 41, (716); fig. 166 C, a) and Gloeopeltis 
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(Endocladiaceae, (389) p. 17, (463), (634) p. 9), all three mainly found in 
the Pacific. The species of Endocladia and Gloeopeltis (G. capillaris, 
G. furcata) tend to occur near high-tide level ((227), (467) p. 64, (623) 
p. 296), the latter especially being capable of withstanding consider- 



Fig. 166. A, B, Cryptosiphonia Woodii J. Ag. ; A, longitudinal section through 
apex; B, transverse section. C-E, G, Endocladia muricata (Post. & Rupr.) J. 
Ag. ; C, apex of thallus; D, transverse section; E, developing hair {h) \ G, part 
of longitudinal section of a young branch. F, Mychodea ramulosa J. Ag., 
transverse section. H, I, Gloeopeltis furcata (Post. & Rupr.) J. Ag. ; H, 
diagram to show pericentral formation just behind apex; I, division of 
primary segment, a, apical cell ; b (in D, G), accessory branchlets ; r, cortex ; 
CO, large cells of inner cortex ; hy, hyphae ; m, axial cells ;pypi, p 2 , pericentrals ; 
s, segments of apical cell. (H and I after Sjostedt; the rest after Kylin.) 

able desiccation (468). The usually terete well-branched thalli show 
little differentiation. The segments (fig. 166 A, C, s) of the apical cell 
(a) cut off two pericentrals (p) in the same way as in Cystoclonium 
(cf. below and 166 B, D, H, I, pi, p 2 ), and these develop into 
laterals which form a compact cortex (fig. 166 B, D, G, c). It is 
characteristic of the Endocladiaceae (fig. 166 D, G) that, at each point 
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of ramification of the laterals, only two branches are formed, while 
Endocladia itself is distinguished by the numerous accessory branch- 
lets {b in fig. 166 D, G) arising from the inner cells. The inner cortex 
of Gloeopeltis is traversed by numerous hyphae. 

Cystoclonium purpureum (C. purpurascens (Huds.) Kiitz.)^ (Gigar- 
tinales) shows a greater degree of internal differentiation. It is a not 
uncommon lithophyte between tide-marks in Britain, although else- 
where frequently growing submerged. The terete, somewhat carti- 
laginous thallus (fig. 168 C), which is often dull purple in colour and 
may reach a length of 60 cm., has a prominent main axis bearing 
numerous richly branched laterals. Certain branches may end in 
tendrils (p. 588). The plants are primarily anchored by a minute disc, 
but the base of the axis later gives rise (fig. 168 C, D) to a number of 
stolons {st) which become attached by squat haptera {h) and produce 
further erect shoots ((291) p. 374, (ssS) pp. 590, 593, (6ss) p. 400). The 
individuals commonly last for one season only, although some 
perennate by means of the stolons ((291 ) p. 376). 

The anatomical structure has been repeatedly examined ((291), (380) 
p. 23, (475) p. 241, (489)^, (558) p. 589, (742) p. 17). The segments (fig. 167 
A, s) of the two-sided apical cell {a) cut off two pericentrals on their 
higher side which is situated alternately to right and left; the two 
pericentrals lie in perpendicular planes (cf. Naccaria and fig. 166 
H, I). The rest of the segment constitutes the axial cell (w). Such 
asymmetrical development of pericentrals takes place in many of 
the more specialised Florideae. The axial cells undergo marked 
elongation (fig. 167 C, m), while the pericentrals as usual give rise to 
richly branched laterals which form the compact cortical region (fig. 
167 B, C, co). 

In the older branches (fig. 167 B, C) one can recognise a single 
superficial layer of small photosynthetic cells (^), many of which in 
the earlier part of the season grow out into long hairs, and several 
layers of large multinucleate thick-walled storage-cells {co, cf. fig. 139 
L; (380) p. 24, (742) p. 32), At an early stage the axial thread (fig. 167 
D, H, m) becomes surrounded by accessory longitudinal threads (/), 
from which it is only distinguished by the greater length of its cells ; 
the entire complex constitutes a probable conducting system 
(medulla, fig. 167 B, me), the transverse septa of which are stated ((742) 
p. 76) to be perforated by fine cytoplasmic strands. The accessory 
threads are partly formed by elongation of the inner cells of the 
laterals and partly by outgrowths from the latter, as well as from the 
cortical cells. The latter, as well as those forming, the conducting 
tissues, are connected both inter se and with one another by means of 
short hyphae (fig. 167 D--H, hy) which develop secondary pit- 

^ Hypnea purpurascens ((276) pi. ii6); Gracilaria purpurascens Naegeli ((475) 
p. 241). 

* This refers to C. armatum, a species with a wide range in Japan. 



Fig. 167. Cystoclonium purpureum (Huds.) Batt. A, apex of a thallus-branch, 
apical cell and segmentation; B, transverse section of a mature branch; 
C, longitudinal section of same; D, H, elements from the medullary region ; 
E-G, elements from the cortical region; I-K, early development, I from 
above, J, K from the side, a, apical cell; co, cortex; e, surface-layer of thallus; 
/*, haptera ; hy^ hyphae ; /, lateral ; m, axial cells ; me, medulla ; f, segment of 
apical cell; longitudinal threads around axial thread. (All after Kylin.) 
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connections at their tips. A branch of the thallus can arise from any 
peripheral cell. 

The spores ((129) p. 431, (379) p. 7, (sss) p. 592) undergo vertical or 
irregular division to form the primary hemispherical attachment-disc 
(cf. Dumontiay Furcellaria), which is scarcely larger than the spore and 
is anchored by short unicellular haptera(fig. 167 1 , J). A superficial cell 
(fig. 167 K, fl), not always at the summit of the disc, becomes the 
apical cell of the thallus; sometimes two erect fronds develop from 
one disc. 

A similar apical structure and mode of segmentation is found in 
other Gigartinales, for instance in the Australian Erythroclonium, in 
Catenella ((387) p. 65, (527) p. 65), and in Hypnea. The thallus of the 
first ((141) p. 156) is terete and moniliform (fig. 168 B). Catenella 
Opuntia {{zit) pi. 88 ; C. repens Batt.), widely distributed near high- 
water mark and also occurring commonly in salt-marshes ((96) p. 352, 
(97) p. 207, (loi) p. 191, (142) p. 82), is a perennial alga in which the 
small thalli (fig. 168 E) show frequent constrictions. Diverse species 
of Catenella (inch C. Opuntia ((48) p. 45) are characteristic components 
of the algal vegetation found on the roots of Mangroves, to which they 
are attached by haptera (h) (see (so) p. 359). C. Nipae Zanard. is used 
as a food in Burma (61,528). The anatomical structure of Catenella ((281) 
p. 71, (387) p. 65) resembles that of Cystoclonium^ but there are several 
layers of photosynthetic cells and the inner branches of the laterals are 
often widely separated. The thick-walled elements of the medulla are 
linked by secondary pit-connections. 

Hypnea musciformis (fig. 168 A), which is common in warmer seas 
and found elsewhere only in sheltered habitats ((685) p. 291), has 
fleshy terete thalli, up to 45 cm. long, with numerous short branches ; 
many of the longer ones (/) are incurled at the tip and function as 
tendrils (p. 588). The mature structure ((389) p. 50) differs from that of 
Cystoclonium in the uniform enlargement of the inner cells of the 
laterals so that the axial cells remain clearly evident. Hairs are often 
abundant in well illuminated situations ((50) p. 382). 

The same apical segmentation is also seen in the Australian genus 
Mychodea (Gigartinales (277) pi. 142, 201, (393) p. 62), with a flattened 
or foliaceous thallus. The narrow axial cells (fig. 166 F, m) are difficult 
to distinguish in the mature thallus from the numerous surrounding 
hyphae (hy), which also occur between the huge cells (co) forming the 
inper cortex. 

[ A .diff erent structure is found in pracilaria ^ of which G. confer- 
vbides ((276) pi. 65) is a widely distributed northern lithophyte found 
at low-tide level and below, although a characteristic inhabitant of 
sandy bottom in the Mediterranean ((36) p. 432, (226) p. 271). Its dark- 
red terete fronds, which are up to 50 cm. long, bear more or less 
numerous tapering branches (fig. 170 B) and several arise from a large 
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fleshy disc composed of closely compacted vertical threads ((sss) 
p. 602) ; this, as well as the greater part of the erect thallus, persists 
from one season to the next. Other species have more or less com- 



Fig. 168. A, Hypnea musciformis (Wulf.) Lamour., habit. B, Erythroclonium 
Mulleri Sond., habit. C, D, Cystoclonium purpureum (Huds.) Batt. ; C, habit; 
D, base of thallus with stolons {si), E, Catenella Opuntia (G. & W.) Grev., 
habit, hy haptera; sty stolons; t, tendrils. (A, C after Taylor; B after Kiitzing; 
D after Rosenvinge; E after Boergesen.) 

pressed thalli (e.g. G, multipartita J. Ag.^ (276) pi. 1 5), The spores 
((339) pp. 254, 271, (692) p. 83) divide to form a circular disc, the centre 
of which gradually becomes arched (fig. 169 C), the three-sid^d apical 
^ G. lacinulata (Vahl) Howe ((50) p. 379, (53) p. 83). 
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cell (a) of the future thallus differentiating at the summit of the arch. 
Kylin ((389) p. 55 ; cf. also (191) p. 176) has demonstrated a similar 
apical cell in the adult fronds (fig. 169 D), although others ((523) 
p. 788, (634) p. 53) have described a group of apical cells. 

The mature thallus ((389) p. 55, (558) p. 603, (634) p. 53, (692) p. 81) 
shows little anatomical differentiation (fig. 169 A, E), since all the 



Fig. 169. Gractfaria; A, C-E, G. confervoides (L.) Grev. ; B, G. compressa 
(Ag.) Grun. A, part of longitudinal section of thallus; B, E, transverse 
sections; C, early stage of development; D, apex of thallus in longitudinal 
section, a, apical cell ; co, cortex ; /i, hairs and hair-producing cells ; w, medulla. 
(C after Killian; the remainder after Kylin.) 


internal cells (m) are large and isodiametric and an axial thread is 
unrecognisable. The small cells forming the narrow cortical zone 
contain a number of ribbon-shaped chromatophores. Unicellular 
hairs arise from enlarged peripheral cells (fig. 169 B, E, h) which 
possess abundant contents and later become multinucleate. 

The instances hitherto considered in this section show how, 
despite an essentially similar apical structure, the primary uniaxial 
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construction may become obscured among Gigartinales, either by the 
development of accessory longitudinal threads {Cystoclonium, Cate* 
nella) or by equal enlargement of all the internal cells (Gracilaria). 
Other uniaxial Gigartinales show marked flattening of the thallus. 

A good example is furnished by Rhodophyllis bifida (Rhodymenia 
bifida Grev. (276) pi. 32), a sublittoral form with a repeatedly forked 
bright red thallus (fig. 170 C) belonging to the same family as Cysto- 



Fig. 170. A, Calliblepharis ciliata Kutz., with cystocarps (r). B, Gracilaria 
confervoides (L.) Grev., with cystocarps (c). C, Rhodophyllis bifida (G. & W.) 
Kiitz., with cystocarps (c). D, Stenogramma interrupta Mont., with nema- 
thecia (w). (A after Kutzing; B, C after Newton; D after Harvey.) 

clonium. According to Kylin ((380) p. 31, (393) p. 40; cf. also (339) 
p. 249, (3si) p. 700, (537) p. 1 19) the young fronds possess a two-sided 
apical cell (fig. 17 1 A, a)y the segments of which divide periclinally 
into outer (0) and inner {i) cells. The outer undergo further periclinal 
division, but some soon enlarge (5a) and divide obliquely to constitute 
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secondary apical cells {aiy a 2) which continue to segment in the same 
manner. In older plants, in which the tips of the fronds have rounded 
off, the primary apical cell is difficult to distinguish and the fronds 
possess a marginal meristem with numerous apicals ((475) p. 236, (744) 
p. 71). 

The edge of the thallus remains one-layered (fig. 17 1 B), but else- 
where the inner cells, formed from the segments of the apicals, cut 
off on either surface a single layer of cortical cells (fig. 17 1 A-C, co) 
which undergo further anticlinal division and thus effect a gradual 
widening of the frond. The central cells (m), on the other hand, 
exhibit little division and become gradually stretched and pulled 
apart as the cortex widens ((339) p. 253, (380) p. 31). In later stages 
(fig. 17 1 D) they appear as a branching and anastomosing system of 
relatively narrow, widely separated threads {m) with multinucleate 
cells. The anastomoses are due to hyphae {hy)^ which mainly originate 
from the central cells themselves and form secondary pit-connections 
at the points of junction with other members of the system. The 
structure of Rhodophyllis^ though presenting some points of similarity 
with Cystoclonium^ is modified in relation to the bilateral habit. The 
abundant branching is effected by outgrowth of one or other of the 
marginal apicals. 

The germinating spores give rise to a small basal disc (fig. 171 I, J) 
which soon becomes arched (fig. 17 1 H). According to Killian ((339) 
p. 249) the two-sided apical cell {a) of the future thallus appears at the 
summit of the arch (cf. Gracilaria), although Nienburg ((484) p. 303) 
concluded that the mature fronds arose from the base of this primary 
upgrowth, which he regarded as representing a juvenile stage. 

An analogous structure is met with in Dilsea (Dumontiaceae, 
Cryptonemiales), with a number of species in northern seas. D. edulis 
Stackh.,^ a frequent perennial near low-water mark, has a number of 
thick stalked obovate fronds arising from a firm basal crust. The fronds 
at first possess a single apical cell, although later there is a marginal 
meristem (34O. In the younger parts (cf. also (742) p. 71, (744) p. 83) a 
relatively compact medulla of elongate cells is enveloped by a cortex of 
rounded cells, but the abundant anticlinal division in the surface-layer 
leads, as in Rhodophyllis, to separation of the medullary threads which 
ultimately form a network. 

Calliblepharisy belonging to the same family as Rhodophyllisy has a 
structure more like that of Cystoclonium. The thick fronds of C. ciliata 
{Rhodymenia ciliata Grev. ((276) pi. 127), a winter annual found at and 
below low- water mark, are either simple or forked once or twice ; the 
margin is characteristically beset with flat pinnae (fig. 170 A). In C. 
lanceolata Batt.^ ((387) p. 72), a summer form with narrower thalli, there 
is a three-sided apical cell (fig. 17 1 F, a), the segments of which bear the 
laterals forming the cortex {co) at the apical end. The inner cells of the 

^ Iridaea edulis Bory ((276) pi. 97); Sarcophyllis edulis (Stackh.) Ag. 

* Calliblepharis juhata Kutz., Rhodymenia jubata Grev. ((276) pi. 175). 
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rig. 171. A-D, G-J, Rhodophyllis bifida (G. & W.) Kutz. ; A, apex of thallus 
in surface-view; B, C, transverse sections of the thallus; D, margin of thallus 
from above (upper cortical cells not shown); G, segmentation of spore; H-J, 
later stages of germling, H from the side, I and J from above. E, F, Calli- 
hlepharis lanceolata Batt. ; E, part of longitudinal section of a young branch; 
F, apex of thallus. Gy apical cells; aiy a2 (in A), secondary apical cells; co, 
cortical cells; commencement of erect growth; hyy hyphae; i (in A), inner 
segment; w, axial or medullary cells; o (in A), outer segment; sa (in A), seg- 
ment enlarging prior to becoming a secondary apical cell. (G-J after Killian; 
the rest after Kylin.) 
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laterals undergo great elongation and, together with the axial cells, form 
a central conducting tissue (fig. 171 E, m) linked by secondary pit- 
connections. The early development is like that of Cystoclonium ((129) 
P. 438). 

A more specialised foliose type is afforded by Plocamium, of which 
P. coccineum ((276) pi. 44) is a common sublittoral Atlantic^ seaweed. 
The delicate thallus, which is often only slightly flattened, is richly 
branched in one plane in a sympodial manner ((47s) p. 228 ; fig. 172 A). 
The successive sections of the sympodium (.r-i) bear adaxially and on 
their flanks a number (generally 3 or 4) of curved branches, the upper- 
most of which is most strongly developed ; the axis is finally deflected 
to one side, appearing as an unbranched lateral (/), while growth is 
continued by the adjacent branch {briy br 2 y brs) which in its turn gets 
displaced by its uppermost lateral. The secondary branches thus 
occupy alternate flanks of the successive segments of the sympodium. 
If the tips of the branches come into contact with a firm substratum, 
they develop broad sucker-like haptera ((440) p. 69), a feature which 
has also been recorded in Rhodophyllis bifida ((655) p. 400). 

The anatomical structure ((380) p. 49) is relatively simple. The 
apical cell (fig. 172 B, «) produces only a single series of segments (s) 
which cut off pericentrals {p) on either flank, the one first formed 
lying on the convex margin ; these lateral pericentrals give rise to series 
of segments which, together with the axial cells, form the foundation 
of the median layer of the thallus. A little later the axial cells cut off 
two further pericentrals (fig. 172 C) which are situated in the plane 
of flattening. Both these and the rows of segments formed from the 
lateral pericentrals undergo some periclinal division. Meanwhile the 
central cells elongate markedly and, since they possess dense cyto- 
plasmic contents, they form a prominent axial thread in the mature 
thallus (fig. 172 E, m). In transverse sections (fig. 172 D) the axial 
cell {tn) is surrounded by 4-6 large, but relatively short, storage-cells 
{co)y which are linked by secondary pit-connections; this system is 
continued outwards into the flanks, usually as a single layer constituted 
by the middle cells of the lateral rows. The surface is formed by one 
or two small-celled layers (e). The branches of the thallus arise from 
the lateral pericentrals (fig. 172 B, br). 

The germinating spores ((129) p. 439, (339) p. 257, (699) p- 15^^) divide 
by two oblique walls (fig. 172 F) to form a three-sided apical cell,^ 
the segments of which give rise to the small attachment-disc (fig. 172 
H-J). The erect thallus (fig. 172 K, t) soon becomes prominent. 

^ P. coccineum Harv. ((272) p. 153) =P. pacificum Kylin ((383) p. 42). 

* Naegeli ((475) p. 228) records a two-sided apical cell in some of the smaller 
branches of the mature thallus. 
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Fig. 172. Plocamium coccineum (Huds.) Lyngb. A, diagrammatic representa- 
tion of sympodial growth and mode of branching, 1-5 being successive 
branch-systems, the apex of which (/) is deflected to alternate sides, whilst 
successive branches (6rJ, hr 2^ hr 3) carry on the growth; B, apex of a lateral 
branch in surface-view; C, D, transverse sections of the thallus at progres- 
sively lower levels; E, longitudinal section of thallus; F-I, segmentation of 
the spore; J, K, older germlings. a, apical cell; hr, branch; ro, storage-cells; 
By superficial layer of thallus; w, axial cells; />, pericentrals ; i, segment of 
apical cell; t (in K), commencement of mature thallus. (A after Naegeli; 
F-K after Killian; the rest after Kylin.) 
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(d) Multiaxial Forms 

The mature structure of Agardhiella ((587) p. 441), the species of 
which are characteristic seaweeds of the warmer parts of North 
America, resembles that of Cystoclonium. A number of the elongate, 
fleshy thalli, with numerous tapering branches, usually arise from a 
common discoid holdfast. The apices in A. tenera^ ((so) p. 361, (387) 
p. 67, (S05) p. 406) are occupied by 5-7 apical cells, ^ the segments of 
which produce on their outer side the laterals which are aggregated 
to form the cortex. The inner cells of the laterals give rise to down- 
growing hyphae, which enter into secondary pit-connections with the 
cells of the axial threads. In the mature thallus the medulla (fig. 173 
C, m)y consisting of a mass of narrow threads (fig. 173 B), is surrounded 
by a firm cortex (co) bounded by a narrow zone of photosynthetic 
cells (e). Near the tips the usual hairs are to be found. The spores 
((173) p. 247) divide to form an irregular mass of cells. 

Ahnfeltia plicata (Gymnogongrus plicatus Kiitz. (276) pi. 288), a 
widespread, slow-growing perennial lithophyte (cf. (125)), readily 
recognised by the horny or even wiry texture of the dark purple or 
black thallus, is attached by a broad disc composed of vertical rows 
of almost cubical cells with firm walls ((363) p. 198; cf. Polyides and 
Platoma). Though often occurring in rock-pools near low-water mark, 
more robust specimens are found in deeper water. The mature thallus 
(fig. 173 A) shows irregular, in part dichotomous, ramification ((351) 
p. 348), with promiscuous adventitious branches on the older parts. 
One or two dichotomies are stated ((331) p. 32) to be formed in each 
season. 

The apex ((558) p. 557) is occupied by numerous closely aggregated 
threads. In the mature thallus the extensive medulla consists of 
elongate thick-walled cells (fig. 173 D, m), no doubt fulfilling a 
mechanical function ((742) pp. 13, 29) and merging into a cortex com- 
posed of small, radially arranged, elements. The older parts, especially 
in plants exposed to rough seas ((256) p. 541), exhibit extensive secon- 
dary thickening ((331) p. 8 ) which takes place periodically by division 
of the peripheral cells of the cortex and results in the formation of a 
number of successive strata (fig. 173 D, co), consisting of cubical, 
radially arranged cells. The rather ill-defined limiting layers, marking 
periods of cessation of thickening, are composed of somewhat smaller 
elements with more deeply pigmented contents and thickened radial 
and inner walls. The secondary tissues of adjacent branches sometimes 
fuse and become enveloped by further strata common to both. 

^ Rhabdonia tenera J. Ag. ; Solieria chordalis Harv. ((272) p. 121). Kylin 
((383) p. 36) regards the Pacific form as a distinct species — A. Coulteri (Harv.) 
Setch. {Rhabdonia Coulteri Harv.); cf. also A. ramosissima (Harv.) Kyi. 
{Rhabdonia ramosissima J. Ag. (50) p. 365). 

^ Kylin (cf. also (50) p. 362) disputes Osterhout’s statement that this form 
is uniaxial. 
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According to J6nss6n ((331) p. 32) new strata develop whenever a 
fresh dichotomy is formed, so that one stratum would correspond to 
each such period of growth. The number of strata is in general directly 
related to the age of the thallus ((532) p. 63), but they do not always 
increase in number from above downwards and are commonly more 
numerous on one side of the frond than on the other ((558) p. 559). 

The spores of Ahnfeltia ((77) p. 287, (125) p. 350, (129) p. 429, (558) 
P- 565, (564) p. 19) give rise to small violet-coloured discs bearing hyaline 



Fig. 173. A, D, Ahnfeltia plicata (Huds.) Fries; A, habit; D, transverse 
section of an older branch, showing secondary thickening. B, C, Agardhiella 
tenera (J. Ag.) Schmitz; B, medullary threads; C, part of transverse section 
of thallus. cOy cortex; e, surface-layer of thallus; m, medulla. (B after Kylin; 
D after Jonsson; the rest after Taylor.) 

hairs and forming secondary discs from the ends of marginal threads. 
The discs may reach a considerable size before an erect thallus is pro- 
duced. 

GymnogongruSy a lithophyte closely related to Ahnfeltiay possesses 
small, repeatedly forked thalli, attached by a basal disc. In G. Griffithsiae 
(Turn.) Mart. ((276) pi. 108), widespread near low-water mark in the 
North Atlantic, the segments are terete, while in other species (e.g. 
G. norvegicusy fig. 174 D) they are markedly flattened. According to 
Jonsson ((331) p. 18) some species show secondary thickening similar to 
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that of Ahnfeltia. The early stages have been described by Chemin ((107), 
(123), (128), (129) p. 424). 

A foliose development of the thallus is met with in occasional repre- 
sentatives of diverse families of Gigartinales, e.g. Nemastoma (Nema- 
stomaceae) and Halarachnion (Furcellariaceae). The former ((393) p. 7), 
with species in warmer seas (once recorded from Guernsey, (436) p. 24) 
and in the Southern Hemisphere, has a structure much like that of 
Platoma; in N, canariensis J. Ag. ((53) p. 10) large vesicular cells terminal 
on the subcortical filaments are recorded. Halarachnion ligulatum 
(Woodw.) Kiitz. {Halymenia ligulata J. Ag. (276) pi. 112), a North 
Atlantic and Mediterranean species, resembles Callihlepharis in habit, 
though the degree of branching and flattening vary. The apex is like 
that of Agardhiella ((387) p. 61, (558) p. 163). The mature thallus (cf. also 
(39) p. 22,^ (68) p. 44) .shows a 2-3 layered cortex surrounding the long 
and widely separated threads of the medulla ; hyphae are present. The 
germinating spores ((39) p. 6, (129) p. 358) give rise to a discoid ^prostrate 
system with an obvious filamentous construction. 

Much the same internal structure is seen in the Arctic Turner ella 
septentrionalis (Kjellm.) Schmitz {Callymenia septentrionalis Kjellm.) 
(cf. (532) p. 66) and Opuntiella californica (Farl.) Kylin {Callymenia 
calif ornica Farl.), both with a broad thallus, possessing characteristic 
peripheral glandular cells which penetrate deeply into the underlying 
tissues ((383) p. 23, (384) p. 282, (394)). Similar cells (fig. 252 F, gl\ (124) 
p. 644, (383) p. 21) occur in Schizymenia Dubyi (Chauv.) J. Ag.^ {Cally- 
menia Duhyi Harv. (276) pi. 123), an ally of Platoma (595), likewise pos- 
sessing a broad, sometimes lobed, thallus. The spores germinate like 
those of Dumontia ((129) p. 370). 

A number of common foliose members of Gigartinales belong to 
the Phyllophoraceae and Gigartinaceae. The species of Phyllophora 
(158) are widespread northern lithophytes with small thalli, usually 
showing dichotomous branching in one plane. In P. memhranifolia 
(fig. 174 A, C; (276) pi. 163) and P. Brodiaei (fig. 174 B; (276) pi, '20) 
the flattened fronds are borne on a cylindrical stalk (5), but in P. 
epiphylla Batt. (P. rubens Grev. (276) pi. 13 1) the stalk is winged 
throughout and not sharply demarcated; in this species the lower 
parts of the flat fronds show a perceptible midrib (due to secondary 
thickening, cf. below). Stenogramma interrupta Mont. ((276) pi. 157), 
a widely distributed form more characteristic of warmer waters, has 
a similar habit (fig. 170 D) and much the same structure ((387) p. 52). 

The mature thallus of Phyllophora membranifolia (fig. 174 A) bears 
numerous forked fronds with the convex surface facing the source of 
light ; in the major dichotomies one fork develops into a fan, while the 
other forms a continuation of the stalk ((558) p. 514). In P. Brodiaei and 

^ According to Rosenvinge ((ss8) p. 163) this possibly relates to another 
species. 

® Synonymous with Halymenia Dubyi Chauv. and Turnerella atlantica 
Kylin ((389) p. 42; cf. (124) and (393) p. 9)- T, pacifica Kylin ((383) p. 21, (389) 
p. 38) is also a species of Schizymenia {S. pacifica (393) p. 10). 
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P, epiphylla older plants tend to produce numerous proliferations, 
mainly arising from the margins in the former and from the surfaces of 
the fronds in the latter. Minute, flat or nearly terete outgrowths, 
arising on the upper margins of the leafy fronds (fig. 174 C,/), produce 
the reproductive organs (p. 670). 

The thalli last for several years and the successive increments are 
often recognisable. The new bright red fronds of P. Brodiaei ((158) 
p. 15, (558) p. 522) arise in spring from the apices of those of the 
previous season (fig. 174 B, nf), but in older plants most of the new 
growth is furnished by the adventitious shoots above mentioned. In 
P. membranifolia ((558) p. 514) the new season’s growth, especially in 
older plants, often originates from the stalk or from the margin of the 
old frond, in the form of cylindrical proliferations which do not develop 
into complete fans until the next season. 

A number of thalli usually arise from a lobed basal crust ((158) p, 23), 
the upper part of which is composed of dense vertical rows ; the lobes 
sometimes grow over one another, leading to stratification of the crust. 
In P. Brodiaei^ which is often found on shells of Molluscs, multiseriate 
haptera are formed which penetrate the latter and produce filamentous 
branches growing horizontally between the layers of the shells. The 
young discs consist of a single layer of radiating filaments ((158) p. 27); 
for other stages in development, see (558) p. 530, (563) p. 30. The early 
development of Stenogramma is like that of Chondrus ((129) p. 434). 

The multiaxial structure is difficult to recognise in Phyllophora 
((157), (158) p. 18, (742) p. 65, (744) p. 79).^ The compact medulla consists 
of rather short cells with firm walls and shows a gradual transition to 
the cortex, each cell of which contains a large parietal chromatophore 
((158) p. 30). Older parts exhibit secondary thickening owing to peri- 
clinal division of the superficial cells ((158) pp. ii, 19, (331) p. 19, (354) 
p. Ill); such activity is, however, often localised, leading to the forma- 
tion of elongate oval patches which occupy the base of the stalk and the 
attaching disc (fig. 174 G, se) or develop around the points of origin 
of the branches (fig. 174 F, se)^ while in P. epiphylla the more or less 
evident midrib results from such growth. These localised thickenings 
are no doubt of mechanical significance. As in Ahnfeltia^ the secon- 
dary tissue shows strata representing successive periods of meri- 
stematic activity, the limiting layers being constituted by cells with 
^cker wall^^d narrower lumina. 

V The Gigartinaceae include the common seaweeds Chondrus crispus 
(msh Moss, Pearl Moss, fig. 174 H; (276) pi. 63), with many different 
forms ((261) p. 352, (369) p. 123, (ss8) p. 505, (688) p. 146), and Gigartina 
stellata (fig. 174 I ; G. mamillosa (G. & W.) J. Ag. (276) pi. 199) which 
are the usual sources of carrageen (p. 400). Both possess dichoto- 
mously branched thalli with a basal stalk-like portion. Chondrus 
crispus is a North Atlantic lithophyte, which is most typically de- 

^ Kononow’s record ((354) p. 1 10) of a 3-sided apical cell in P. nervosa 
Grev. is no doubt erroneous. 


FA 11 


33 



498 


FLORIDEAE (VEGETATIVE SYSTEM) 



Fig. 174. A, C, Phyllophora membranifolia (G. & W.) J. Ag. ; A, habit; 
C, small part of thallus showing female nemathecia (/). B, F, G, P. Brodiaei 
(Turn.) Ag. ; B, habit showing new («/) and old (0/) fronds; F, G, diagram- 
matic representation showing position of secondary thickening {se). D, Gymno- 
gongrus norvegicus (Gunn.) J. Ag. E, H, Chondrus crispus (L.) Stackh., dif- 
ferent growth-forms, in H with tetrasporangia (te). I, Gigartina stellata 
(Stackh.) Batt., showing the teat-like outgrowths (t). haptera; r, stalk. 
(B after Rosenvinge; C, F, G after Darbishire; H after Fritsch and Salisbury; 
the rest after Taylor.) 
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veloped in a limited zone near low-tide level ((i 6 i) p. 29, (333 p. 15), 
the thalli occurring at higher levels often being stunted. Sublittoral 
forms are elongate with narrow branches. The margins of the 
fronds are smooth or fringed with numerous leafy processes (fig. 
174 E). - 

The fronds of Gigartin^tellata^ usually found on rocks near low- 
water mark, often possess incurved edges and are not uncommonly 
twisted (fig. 174 I). Apart from this, fertile plants are readily dis- 
tinguished from those oi Chondrus by the numerous teat-like out- 
growths {t) which harbour the cystocarps. This feature is distinctive 
of all Gigartinas (11,624.625), which for the rest show a rather variable 
habit. In G. acicularis (Wulf.) Lamour. the thalli are almost terete, 
whilst in some species they form a broad, almost unbranched, ex- 
panse. In still others (e.g. G. Teedii Lamour.) the branching is 
irregularly pinnate. 

Both Chondrus crispus and Gigartina stellata (cf. also (324,498)) are 
attached by an orbicular disc giving rise to a number of erect fronds 
(fig. 175 D); in Chondrus it may reach a width of 2 cm. ((i6i) pp. 15, 
34, (558) p. 499). These discs (fig. 175 E) consist of vertical rows of 
cells with firm, non-gelatinous walls, and in Gigartina ((558) p. 509) 
they show zoning indicative of periodic growth. The spores of 
Chondrus ((129) p. 433, (161) p. 26, (379) p. 12, (558) p. 504) divide to form 
a hemispherical cushion which develops into the attaching disc, the 
production of erect thalli being deferred for some time; the early 
development of Gigartina ((129) p. 433, (699) p. 1 51) seems to be similar. 
Both the attachment discs and the erect fronds are perennial, those of 
Chondrus ordinarily lasting for two or three years ((532) p. 58, (558) 
p. 500). Old fronds become severed at the very base at the commence- 
ment of winter, leaving evident scars. 

The thallus of Chondrus^ affords clear evidence of a multiaxial 
construction, both in the apices ((351) p. 704) and in sections of the 
maturer parts (fig. 175 A, B). The medulla (fig. 175 B, m) consists of 
elongate cells with thick mucilaginous walls, their narrowed ends {p) 
being bridged by delicate septa which no doubt represent the pit- 
membranes ; there are also secondary pit-connections (^) between the 
cells of adjacent rows. Near the surface the axial threads bear 
numerous perpendicular, small-celled, laterals {oc) which form a 
compact cortex, separated from the central conducting region (m) by 
cells of intermediate size {ic)\ the latter are joined by pit-connections, 
both to the inner and outer cells. According to Darbishire ((161) p. 19) 
there is a single chromatophore in each cortical cell, while the medul- 
lary cells contain a number of rounded leucoplasts. Hairs are of rare 
occurrence ((558) p. 502). The considerable surface-enlargement leads 
to a marked distortion of the older medullary elements. 

^ See (161) p. 10, (380) p. 19, (558) p. 501, (708) p. 152, (744) p. 82. 
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Fig. 175. A, B, D, E, Chondrus crispus (L.) Stackh.; A, transverse and B, 
longitudinal section of mature thallus; D, vertical section through attaching 
disc (d) and bases of two fronds ; E, upper part of a little of the attaching disc 
in vertical section. C, Gigartina stellata (Stackh.) Batt., small part of central 
tissue. cUy cuticle; hy^ hyphae; ic, inner cortex; m, medullary cells; wm, 
mucilage; oc, outer cortex; p, primary and Sy secondary pit-connections. 
(A, B after Kylin; C after Rosenvinge; D, E after Darbishire.) 
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The struQ^re of Gigartina ((558) p. 509, (634) p. 46) is essentially the 
same, but in G, stellata the cells of the inner cortex and medulla produce 
downgrowing septate hyphae (fig. 175 C, hy) which are sometimes 
joined to the medullary cells by secondary pit-connections. The 
accounts of Olson (498) and Humphrey (324) contribute little. 

The widely distributed Callymeniaceae comprise forms with broad, 
often dichotomously branched thalli which possess a several-celled 
apical meristem, although, in the finer segments of Euthora cristata 
(fig. 176 A ; (i) p. 1 1 ; Rhodymenia cristata Harv. (276) pi. 307, (745) p. 107), 



Fig. 176. A, Euthora cristata (L.) J. Ag., habit (after Taylor). B, Constantinea 
Rosa marina (Gmel.) Post and Rupr. (after Freeman). C, Callophyllis edentata 
Kyi., part of transverse section of thallus (after Kylin). D, Callymenia 
reniformis (Turn.) J. Ag., habit (after Newton), a, a', stipe; 6, frond; 
hy, hyphae; m, medullary cells; s, scar left by frond. 

Kylin ((389) p. 29) found a single two-sided apical cell. Both here and 
in Callophyllis ((634) p. 56) there is a large-celled medulla (fig. 176 C, m) 
with interspersed hyphae {hy), but in Callymenia reniformis ((276) pi. 13) 
the medullary elements are narrow ((387) p. 59, (777)). The latter (fig. 176 
D) is a typical Atlantic seaweed, while Euthora cristata is a deep-water 
subarctic form ((45) p. 36, (332) p. 136, (333) p. 13, (558) p. 596). It is not 
certain that these two genera are really multiaxial. The Australian 
Callymenia cribrosa Harv. ((277) pi. 73) develops numerous holes in the 
thallus, as in some Laminariales. The early development of Callymenia 
is much like that of Phyllophora ((129) p. 426, (339) p. 273), while the 
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spores of Callophyllis divide to form a compact disc ((129) p. 436, (701) 
P- 74)- 

Two members of Cryptonemiales — Constantinea ((222), (529) p. 17, 
(537) p. 178, (599) p. 520, (614), (623) p. 355), confined to the North 
Pacific and the Behring Sea, and the Antarctic Nereoginkgo ((405) p. 15) 
— show a sympodial construction. Each segment of the sympodium 
consists of a simple or branched stalk (fig. 176 B; 177 G, «) termin- 
ating in a horizontal foliar expanse (6), growth being continued by the 
development from the latter of a new cylindrical segment {a') which 
in its turn expands in the same way. The fronds, which in Constan- 
tinea often appear perfoliate, later split into segments and ultimately 
wear away leaving scars (^) on the stipe. A similar habit is seen in the 
Mediterranean Neurocaulon reniforme (Post. & Rupr.) Zanard. ((763) 
p. 160; Constantinea reniformis Post. & Rupr. ((286) p. 146), a member 
of Gigartinales, but here the fronds are reniform. 

The preceding consideration of certain more specialised Crypto- 
nemiales and Gigartinales again serves to emphasise the fundamental 
correspondence between the uni- and multiaxial types — in fact several 
{Cystoclonium, Catenella) of the uniaxial forms are in the mature 
condition to all intents and purposes multiaxial. The foliose habit, 
which can be based on either type of construction, probably repre- 
sents the most specialised condition reached in Gigartinales. While 
diverse members of Cryptonemiales and Gigartinales afford distinct 
evidence of heterotrichy in the early stages of development (fig. 17 1 
H, I), the germinating spores in many genera produce a compact, 
often hemispherical, cushion (figs. 167 I, J ; 172 J, K) from which the 
erect frond arises; a similar cushion is met with commonly in 
Rhodymeniales (p. 515). It appears to represent a modification of the 
filamentous prostrate system prevalent among Nemalionales. 

9. Crust-forming 1'ypes among Cryptonemiales 

In certain Cryptonemiales (Cruoriaceae, Squamariaceae) the mature 
thalli are encrusting, forming thin, circular or lobed, reddish- or 
dark-coloured sheets (figs, 177 A; 178 F), which are probably for the 
most part perennial ; they are commonly found on rocks and shells 
between tide-marks and in deeper water, although some are epi- 
phytic. The crusts, which adhere along the whole of their lower sur- 
face to the substratum, consist of a basal layer of closely aggregated 
radiating filaments (fig. 177 E) produced from the germinating spore 
((339) p. 240). All the cells bear erect threads (fig. 177 B, ^), which are 
simple or little branched (fig. 177 C, D), are held together by tough 
mucilage and form the main substance of the crust (cf. Ralfsia, 
Lithoderma); they either bend up gradually [Petrocelisy Cruoria) or 
stand off at right angles to the basal layer {Peyssonnelia, fig. 177 B). 
Attachment is usually effected by short rhizoids (r), the tips of which 
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fit into all the irregularities of the substratum ((so) p. 129, (558) p. 174, 
(727) p. 256). The various genera are for the most part distinguished 
by reproductive features. 



Fig. 177. A, B, H-K, Peyssonnelia'y B, P. Dubyi Crouan* the others P. 
squamaria (Gmel.) Decsne; A, habit; B, section of crust; H-K, early stages 
in development. C, F, Hildenhrandia rivularis (Liebm.) J. Ag. ; C, upper part 
of erect thread; F, surface-view of stratum from above. D, Cruoria pellita 
(Lyngb.) Fries, two erect threads. E, Petrocelis Hennedyi (Harv.) Batt., basal 
stratum from below. G, Nereoginkgo adiantifolia Kylin, habit, a (in G), stalk; 
b, frond; erect thread; w, nemathecium; r, rhizoid; s (in G), scar. (A after 
Kutzing; C, F after Fritsch; E after Rosen vinge; H-K after Killian; the rest 
after Kylin.) 

Of frequent occurrence is Peyssonnelia Dubyi Crouan^ ((276) pi. 71, 
(S77) p. 148), with small concentrically zoned crusts (cf. fig. 177 A) 

^ Cruoriella Dubyi (Crouan) Schmitz of various authorities. The genus 
Cruoriella ((148) p. 289, (727) p. 281) is often regarded as a subgenus of 
Peyssonnelia (cf. (50) p. 129), distinguished by the characters of the basal 
stratum. Polystrata (301) should also be referred to Peyssonnelia (cf. (666) 

P- 255)* 
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which commonly overgrow one another. Both here and in other species 
(e.g. P. rubra J. Ag.) the basal layer is calcified ((ssS) p. 193), while in 
some, for example P. polymorpha (Zanard.) Schmitz, usually found in 
warmer seas ((50) p. 130, (53) p. 14, (202) p. 295, (423), (762) p. 127), the 
brick-red crusts are impregnated with lime throughout. P. squamaric 
(fig. 177 A) is a frequent Mediterranean species forming leathery 
growths on Cystoseira ((47s) p. 248, (609) p. 104). 

Essentially the same structure without calc' ication is met with in 
Rhododermis (fig. 178 F ; (2) p. 504, (26) p. 311, (149) p. 148, (357) p. 257, 
(360), (424) p. 42, (ss8) p. 197), found mainly in northern seas. In R. 
Georgii {R. Vanheurckii Heydr. (300); Rhodophysema Georgii Batt. (33I 
P* 377» (369) p. 194) the inner cells of the erect threads of certain forms 
show great enlargement (fig. 178 G, e), the thalli then appearing globose 
or irregularly lobed ; such forms are connected by transitions with the 
usual encrusting type. 

In Petrocelis and Cruoriay which are likewise uncalcified, the erect 
threads are less firmly connected. The fleshy growths of P. Hennedyi 
((26) p. 314) are often found on stipes of Laminaria Cloustoniy while P. 
cruenta Ag. (Cruoria pellita Harv. non Lyngb. (276) pi. 1 17) is a littoral 
lithophyte. In the large Cruoria pellita ((387) p. 30, (558) p. 181) the 
rhizoids commonly lengthen into septate threads which may form a 
several-layered stratum below the older crusts. 

Hildenbrandiay a genus of uncertain position allied to Corallinaceae, 
shows a similar habit. Most species are marine, but H. rivularis ((224) 
p. 167, (594) p. 232) is widespread (cf. (81), (434) p. 272) as a lithophyte in 
fresh water, being often associated with Heribaudiella (p. 67). Its 
blood-red to brown-red crusts are found in streams and lakes ((224), 
(239), (244) p. 507, (433), (434), (639) p. 660, (653), (767)); it is a pronounced 
shade-form. Only vegetative reproduction is known. ^ 

The common marine species, H. prototypus Nardo ((558) p. 203), is a 
littoral and sublittoral lithophyte, in the older crusts of which the 
growths of successive years are marked by distinct limiting lines (some- 
times also seen in Peyssonnelia (727) p. 259). The outer layers commonly 
perish in part during winter, the renewed growth being then localised 
at certain points and resulting in an uneven surface. Reproduction is 
by tetraspores which are formed in conceptacles (p. 655). The germi- 
nating spores ((129) p. 366) give rise to a short filament producing a disc 
at its tip. 

Several genera with prostrate encrusting thalli are distinguished by 
the fact that laterals arise from both sides of the central axial system 

^ The accounts of sexual reproduction (70, 80,749) are due to confusion with 
the colonial Myxophyceae commonly associated with Hildenhrandia (cf. (224) 
p. 186, (594) p. 232, (639) p. 667). Skuja’s ((646) p. 628) record of monospores 
requires further investigation. Budde’s ((80) p. 285) assertion that the pro- 
strate system can give rise to chantransioid threads receives more plausible 
support from Starmach ((653) p. 370), although doubts remain as to the evi- 
dence for genetic connection between the two (cf. also (646) p. 626). The 
filamentous stages in question are identified as C. pygmaea and C. chalybeUy 
which are known to represent the juvenile stages of Batrachospermum monili- 
forme. I have not encountered such stages during my own investigations. 
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(fig. 178 B, C, ax) \ such are Rhizophyllisy Coriophyllum ((233) p. 396), 
and Ethelia ((202) p. 301, (727) p. 297). There is reason to believe that 
they are forms in which the prostrate habit is secondary ((400) p. 80). 
Rhizophyllis Squamariae^ a Mediterranean epiphyte usually found on 



Fig. 178. A-C, E, Rhizophyllis Squamariae Kiitz. ; A, habit, with nematheaia 
(n ) ; B, transverse section of thallus ; C, longitudinal section, with nemathecium 
and carposporangia (ca); E, margin of prostrate thallus. D, F, G, Rhodo- 
dermis Georgii (Batt.) Collins; D, vertical section of thallus, with tetra- 
sporangia {t)\ F, habit; G, vertical section of the inflated form, a, apical cell; 
aXy axial thread; ca, carposporangia; c, erect threads; /, laterals; «, nema- 
thecium; py paraphyses; r, rhizoids; ty tetrasporangia. (A after Zanardini; 
D, G after Rosenvinge; F after Heydrich; the rest after Kylin.) 


Peyssonneliay belongs to the same family as Polyides ((389) p. 26 ; cf. also 
(202) p. 286). The band-shaped thallus (fig. 178 A), which is attached by 
septate rhizoids (fig. 178 B, r), possesses a series of apical cells, much as 
in Rhodophyllis (p. 490; fig. 178 E, a). Both here and in Coriophyllum 
the cross-section (fig. 178 B) is distinctly dorsiventral. 
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Strongly calcified crusts are also typical of the Melobesieae among 
Corallinaceae. A relatively simple example is furnished by Melobesia 
((526) p. 249, (545) p. 17, (558) p. 236, (652) p. 23, (659) p. 7), the thin, pink 



G 


Fig. 179. A, C-G, Melobesia Lejolisii Rosanoff; A, surface-view of part of 
crust; C, habit (on Zostera)\ D, G, vertical sections; E, F, surface-view of a 
little of the crust. B, M. Solmsiana Falkenb., small part of thallus from the 
surface. H-K, Epilithon memhranaceum (Esper.) Heydr. ; H, I, K, radial 
vertical sections of the crust; J, cell-fusions. 6, basal system; c, cover-cells; 
e, erect threads ; h, hairs ; />, points of cell-fusion ; t, trichocytes. (A, C after 
Taylor; B after Solms-Laubach ; D-G after Suneson; the rest after Kylin.) 

or red, crusts (fig. 179 C) of which are widely distributed on all kinds 
of substrata (other Algae, Zoster etc.), especially in warmer seas. 
The plants are often only a few millimetres in diameter. In many 
species {Fosliella, (320) p. 587) they consist (except in the region of the 
conceptacles, p. 644) of a single layer of prostrate threads (fig. 179 A), 
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which show pseudo-dichotomous branching and are usually com- 
pacted to form a disc with marginal growth ; the tangential septa are 
commonly arranged concentrically. Examples are afforded by the 
ubiquitous M, farinosa Lamour. and M. Lejolisii (fig. 179 A, C). In 
M. Solmsiana^ (fig. 179 B ; (192) p. 109), on the other hand, the threads 
of the basal stratum are commonly quite distinct, while in a similar 
form described by Taylor ((686) p. 10) they produce a network. In 
other species (e.g. M. limitnta (Foslie) Rosenv., cf. (219)) short erect 
threads arise from the basal stratum so that the crusts become 2-5- 
layered (cf. fig. 179 G). The surface of the crusts is covered with a 
thick layer of mucilage. The cells of adjacent threads, both in the 
basal stratum and in the erect system, commonly communicate by 
open pores (fig. 179 F, p) formed by partial solution of the separating 
walls (cf. also (526) p. 253, (551) p. 17, (585) p. 122, (586) p. 220). 

A marked feature of Melobesia are the flat cover-cells (fig. 179 
D-G, c), which occur also in other Corallinaceae (p. 474). One such 
cell is found at the top of each erect thread (fig. 179 D, G), while in 
the monostromatic species they often only cover part of the subjacent 
cell (fig. 179 E, F) and not uncommonly overlie the septa. They may 
or may not contain chromatophores. Where the thallus is several- 
layered, the cover-cells are cut off from the cells of the basal stratum 
before the formation of erect threads which are produced by inter- 
calary division of the underlying cell (cf. fig. 179 H). 

Many species exhibit occasional larger hair-producing cells (fig. 
179 D, F, t) with scanty contents and usually devoid of cover-cells 
((652) p. 24); these are the trichocytes of Rosenvinge ((558) p. 212, (659) 
pp. 8, 74; “ heterocysts” of Rosanoff (545) p. 57). They often originate 
from marginal cells which become surrounded by the adjacent growth, 
after the short-lived hair has been shed ; before this happens a septum 
is formed across the base of the hair. 

Epilithon memhranaceum ((294) p. 408; Melobesia membranacea 
Rosanoff (545) p. 66; Lithothamnion membr anaceam ‘FosMg (214) p. 7, 
(216) p. 72), a widely distributed epiphyte lacking trichocytes, is dis- 
tinguished from Melobesia only in details of reproduction. The thallus 
((387) p. 37, (558) p. 234, (659) p. 60) may be three- or more-layered 
(fig. 179 H, K) and shows similar cell-fusions (fig. 179 J). 

Lithophyllum and Lithothamnion (often written Lithothamnium) are 
lithophytes which usually possess considerably thicker crusts, fre- 
quently attached to the substratum only by their older parts. The 
crusts (see frontispiece) commonly exhibit foliose lobes (F) or 
irregular, sometimes coralloid (especially in Lithothamnion), up- 
growths {C-E) which are often densely aggregated. The young stages 
closely resemble Melobesia ((545) p. 25). While Melobesia, Lithophyllum, 
and Lithothamnion show clear differences in reproductive details, the 

^ M. callithamnioides Falkcnb., non Crouan; M. farinosa Lamour. var. 
callithamnioides Foslie ((652) p. 58). 
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delimitation of vegetative material presents considerable difficulties 
(221), and there is much difference of opinion between leading authori- 
ties as to the placing of certain species. The encrusting forms {A, /, J) 
of the last two genera, moreover, vary considerably in habit according 
to the substratum and the depth at which they grow ((186), (212) p, 29), 
as well as through the activities of boring Molluscs ((216) p. 6) and the 
like. 

Lithophyllum incrustans Foslie ((221) pi. 58) is widespread in rock- 
pools on exposed shores where it forms thick adherent crusts. In the 
Mediterranean L, expansum Philippi (frontispiece, fig. A ; (415) p. 176, 
(526) p. 243, (659) p. 20), on the other hand, the crusts are attached only 
at their centre and often possess numerous flat lobes with a sharp one- 
layered edge. Lithothamnion lichenoides (Ell. & Sol.) Foslie^ (frontis- 
piece, fig. Fy /; (215) p. 6, (221) pi. ii) shows a comparable habit, but 
in most species of the genus the encrusting base develops short up- 
right protuberances of various shapes, as in L, glaciale Kjellm. 
(frontispiece, fig. C; (221) pi. 23), a widespread northern species, and 
L, polymorphum Aresch. ((221) pi. 39; Melobesia polymorphUy (276) pi. 
345); in L. calcareum Aresch. (frontispiece, fig. B, G, H\ (221) pi. 16) 
these upgrowths are branched and coralloid. 

In taxonomic descriptions a lower region, the hypothallium (fig. 180 
D, h)y is usually distinguished from an upper, the perithallium {p).^ 
The hypothallium* generally consists of the prostrate system and of 
the lower parts of the upgrowing threads, while the perithallium.com- 
p rises the vertical rows which commonly make up the greater part of 
the crust. Where the erect system arises abruptly, as in Lithophyllum 
expansum (fig. 180 B) and L, orbiculatum Foslie (422), the hypothallium 
consists merely of the one-layered prostrate system {h) ; its cells cut 
off cover-cells (fig. 180 C, c) as in Melobesia^ and then give rise to the 
erect threads which increase in length by intercalary division of the 
underlying cell ((659) pp. 20, 63). In certain species (e.g. Litho- 
thamnion lichenoides, (41s) p. 127, (54s) p. 91, (659) p. 63) the hypo- 
thallium is several-layered, even at the margin (fig. 180 A, h), and 
forms a considerable part of the crust, the uppermost layer bending 
up to form a narrow perithallium (/>), whilst the lowest layer shows 
a slight downward trend. 

In such instances a multiaxial structure is recognisable (cf. also 
L. polymorphum, (286) p. 271, (545) p. 97; L. Patena (Hook, et Harv.) 
Heydr. in (502) fig. 488, i), hypo- and perithallium being respectively 
comparable to the medulla and cortex of a Corallina ((526) pp. 246, 
249, (659) p. 73); in many species of Lithothamnion and Lithophyllum 
(fig. 180 B), however, the hypothallium is asymmetrical and the 
development of offstanding threads confined to its upper side. The 

^ Lithophyllum lichenoides Philippi; Melobesia lichenoides ((276) pi. 346). 

* See (221) p. 22, (412), (415) p. 13, (482), (526) p. 245, (545), (558) p. 209, (659) 

p. 19. 



MELOBESIEAE 


509 


extent of its development often varies with the substratum, some- 
times even in one and the same individual ((217) p. 4, (652) p. 17). In 
Lithothamnion cover-cells (fig. 180 A, c) extend right over the growing 
apex ((724) p. 81 ; cf. Amphiroa). 

The cells of the perithallium are usually smaller and have thicker 
walls. The upper ones contain plentiful discoid chromatophores, while 



Fig. 180. A, Lithothamnion lichenoides (Ellis & Soland.) Foslie, section of 
edge of crust. B, C, E, Lithophyllum expansum Philippi; B, C, sections of 
edge of crust, showing marginal segmentation; E, single erect thread. 
D, Lithothamnion Mulleri Lenorm., vertical section of part of a crust. 
F, L. norvegicum (Aresch.) Kjellm., vertical section of part of a branch. 
c, cover-cells; co, sorus; /i, hypothallium ; m, marginal meristem; />, peri- 
thallium; ty tetrasporangium. (D after Rosanoff; F after Rosenvinge; the 
rest after Suneson.) 

those below often include numerous starch-grains ; the inner cells are 
often in large part dead. In Lithophyllum the cells of the perithallium 
commonly show an evident transverse arrangement and are joined by 
secondary pit-connections which are not produced in the customary 
manner ((659) pp. 22, 71). In Lithothamnioriy on the other hand, such 
pits are lacking and adjacent cells fuse more or less completely (fig. 180 
F) with one another (cf. Corallina, p. 474; Melobesia)^ a feature often 
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particularly well seen in the tissue roofing the sori ; when several cells 
are involved, branched expanses may result. Porolithon ((220) p. 57, 
(412) p. 368) differs from Lithophyllum chiefly in the presence of 
enlarged ovoid cells, occurring singly or in groups within the thallus. 
Trichocytes are lacking in the genera under discussion, although 
Rosenvinge records unicellular hairs in Lithophyllum. Regarding the 
deposition of lime, see p. 400. 

The germinating spores ((129) p. 373) divide to form a compact 
mass of cells from which the adult thallus appears to arise as a lateral 
proliferation. The rate of growth of the older plants is slow ((417) 
p. ii). Increase in thickness of the crusts is effected by the peri- 
thallium ((41s) p. 23) and localised growth results in the protuberances, 
commonly seen in Lithothamnion. Growth is periodic and the suc- 
cessive zones (cf. fig. 180 D), often alternately lighter and darker, are 
frequently (especially in Lithothamnion) delimited by horizontal 
layers of a substance which stains deeply with haematoxylin ((412) 
p. 326, (558) p. 212) and which is probably formed when growth 
ceases. Not infrequently one part of a crust grows over an adjacent 
one and, when this is so, each stratum may have its own hypothallium 
(L. polymorphum (558) p. 228). In Lithothamnion ((652) p. 26) the old 
tetrasporangiate sori become gradually buried and appear as small 
hollows in the crust. 

Although the encrusting Corallinaceae attain their greatest develop- 
ment in warmer seas, species of Lithothamnion and Lithophyllum often 
form extensive sublittoral banks in temperate and polar seas ((142) 
p. 69, (2S4), (343) p. 15, (413), (414), (416), (419), (420)). A widespread species 
in Britain and Northern France is Lithothamnion calcar eum {102) and 
in certain areas (Co. Galway, I'inistere) the many fragments of the 
coralloid growths cast up by the waves constitute a regular Litho- 
thamnion beach ((142) p. 71, (413); cf. also (333a) p. 16), the calcareous 
material of which is locally employed for liming the soil. In the 
Mediterranean, Lithophyllum tortuosum (Esp.) Foslie forms a belt at 
low-tide level on exposed shores ((197) p. 196, (226) p. 272, (434«) p. 197, 
(497 fl) p. 85), while other Melobesieae play an important r 61 e down to 
depths of 80 metres ((188) p. 222, (714) p. 235). There is no species 
common to the Arctic and Antarctic (416). 

It is, however, in the oceans of the Tropics that these seaweeds, 
together with other calcareous Algae, Foraminifera, and Corals build 
up the huge calcareous masses, generally spoken of as “coral-reefs”, 
although in several the Corals appear to play a subsidiary role ; in all 
of them the encrusting Corallinaceae (Nullipores) are of prime im- 
portance as cementing organisms.^ In the Funafuti boring they were 

^ See especially (13) p. 15 1 , (140), (21 1) pp. 133, 147, (218), (229) p. 497, (230) 
PP- i 77 » 3151 (231) p. 68 , (315), (321), (414), (415), (620), (620a) p. 312, (621), (622), 
(662) p. 189, (723) p. 129, (724). Walther (715), however, states that the reefs 
between India and Ceylon are largely built up by Corals. 
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found to occur abundantly down to a depth of 1000 feet. According 
to Foslie ((218) p. 103) the most important reef-forming species over 
large areas of the Indian Ocean are Porolithon oncodes, P. craspedium, 
Lithophyllum Gardineri^ and Goniolithon frutescens Foslie; several of 
these are also widely distributed over many parts of the tropical 
Pacific (cf. also (620a) p. 318, (622) pp. 270, 276). The Melobesieae 
require well-aerated water for successful growth and usually occur in 
situations where there is a fairly strong current ((216) p. 5, (723) p. 13 1). 
At the same time a considerable number are known to thrive at very 
considerable depths (200-350 fathoms (622) p. 278) in clear waters in 
the Tropics. 

The encrusting Corallinaceae occur from the Cretaceous onwards 
{Archaeolithothamnion, see p. 653) and in the Tertiary are for the most 
part represented by genera still living (see (525) p. 100 and (628) p. 187 
and the literature there cited; also (322), (414) p. 646, (418)). They 
have evidently long played an important role, and extensive limestone 
rocks consisting largely of Lithotharnnion (260) are known from various 
parts of the world, e.g. the Leithakalk (Miocene) of the Vienna basin 
((627) p. 18) which has been used extensively as a building stone. 
Solenopora ((238) p. 442, (627) p. 20, (628) p. 189) and allied genera, 
grouped by Pia ((52s) p. 98) in a separate family, are largely Palaeozoic 
(Ordovician- Jurassic) forms which are usually regarded as related to 
the encrusting Corallinaceae; the recent record of conceptacles in 
Solenopora if substantiated, would warrant their inclusion in 
Corallinaceae. 

The Nullipore banks are inhabited by lime-boring Algae, Molluscs, 
etc. ((181), (197) p. 199, (212) p. 30, (216) p. 6, (471)), which cause more or 
less considerable destruction of the older growth, while percolating 
water may convert certain parts into a structureless mass ((714) p. 242). 
In the deeper portions of the Funafuti boring there was a great increase 
in the amount of magnesium carbonate (40 % or more, cf. (334) p. 373) 
so that the older parts of such reefs probably approximate in chemical 
composition to a dolomite ((134) p. 58, (307)). 

10. T he special De v elopment of the Multiaxial 

TYPE AMONG RhODYMENIALES 

A multiaxial construction of a distinctive type is found in the genera 
Champia (704), Chylocladia, and Lomentaria which belong to the 
Champiaceae ((5) p. 66, (392) p. 26). The structure of the first two is 
similar in all essentials. Chylocladia kaliformis^ ((276) pi. 145), an 
annual summer lithophyte, has the jointed habit (fig. 181 E) typical 
of many members of the family. The fistular thalli, which are at- 
tached by a minute disc, are constricted at the points at which the 
whorled branches arise; both here and at the bases of the branches 
diaphragms bridge the central cavity, which is elsewhere filled with 

^ Lomentaria kaliformis Gaill., Gastroclonium kaliforme Ardiss. 
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mucilage. The entire thallus (fig. 182 C) is encased in a mucilage - 
envelope {m) with a well-marked cuticle , (rw). 



Fig. 18 1. Rhodymeniales. A, Chrysimenia (Botryocladia) uvaria (L.) J. Ag., 
with cystocarps (/). B, Rhodymenia palmata (L.) Grev. C, Chrysimenia 
ventricosa (Lamour.) J. Ag., older plant with cystocarps (/) and two young 
plants. D. Coelarthrum Albertisii (Piccone) Boerges., part of a plant. E, Chylo- 
cladia kaliformis (G. & W.) Hook. F, Lomentaria articulata (Huds.) Lyngb. 
G, Champia parvula (Ag.) Harv., part of plant bearing cystocarps (/). (A, C 
after Kuckuck; B after Rosenvinge; D after Boergesen; E, F after Kiitzing; 
G after Taylor.) 

In the older parts ((284) p. 70, (289) p. 308, (380) p. 72)^ the surface 
consists in the main of a single layer of radially elongated cells (fig. 182 
C, co)y with 16 to 20 little-branched threads (/) running longitudinally 

^ Other investigations ((168) p. 405, (744) p. 76) are not correct in all details. 
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on their inner side at more or less even intervals. These longitudinal 
threads (fig. 182 G, /) converge towards the rounded apex, where they 
terminate in apical cells {aY (cf. also (37) p. 686, (351) p. 704), not all 
situated at quite the same level (fig. 182 C). Each apical cell {a) cuts 
oflF a single row of segments (^) which divide tangentially (cf. also fig. 
182 B). The outer halves constitute primary cortical cells (ro), while 

« a 



Fig. 182. A, C, E-G, Chylocladia kaliformis (G. & W.) Hook.; A, E, F, early 
stages in development, E from above, the others from the side; C, longi- 
tudinal section through apex of thallus; G, the latter from the surface. 
B, D, Champia parvula (Ag.) Harv. ; B, single longitudinal thread, segmentation 
behind apex ; D, transverse section of thallus through the point of origin of 
a branch {hr), a, apical cells; co, primary cortical cells; cu, cuticle; dy dia- 
phragms; i, bulb-cells; /, longitudinal threads; m, mucilage; r, rhizoids; 
Sy segment; scy secondary cortical cells. (B, D after Bliding; the rest after 
Kylin.) 

the inner gradually lengthen to form a longitudinal thread (/). The 
primary cortical cells divide anticlinally to form the peripheral layer 
of large cells which contain several nuclei, numerous very small 

^ Naegeli’s ((47s) p. 246) and Wille’s (743) statements that there is a single 
apical cell are erroneous (cf. also (7)). 
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chromatQphores, and in some localities light-reflecting bodies (p. 5^4)* 
Later they cut off obliquely on their outer side a certain number of 
small cells (fig. 182 C, sc) forming a disconnected superficial layer 
(cf. also ( 558 ) p. 577), which is stated ((37) p. 677) to be most extensive 
in plants exposed to strong light. Especially in younger individuals 
its cells produce elongate, thick-walled hairs. 

The cells of the longitudinal threads undergo no further transverse 
division, but most of them cut off on their inner side a small spherical 
cell with plentiful contents (fig. 182 C, f), the bulb-cells of American 
writers. At the points of branching of the thalli these cells divide to 
form threads which unite, with the establishment of secondary pit- 
connections, to produce the one-layered diaphragms (fig. 182 C, D, d). 
The numerous bulb-cells that do not develop into diaphragms have 
been interpreted as glandular elements (( 289 ) pp. 314, 327) or, rather 
more usually, as undeveloped diaphragms. Similar structures occur 
in most Champiaceae and are also present in Rhodymeniaceae (cf. 
below), where diaphragms are usually lacking. Their utilisation in the 
formation of diaphragms is apparently a secondary feature (cf. ( 392 ) 
p. 35) and they are perhaps best regarded as arrested hyphae. 

Branches originate by the outgrowth of several peripheral cells into 
threads (fig. 182 D, br) which unite to form the apex of the new axis 
(( 289 ) p. 315, ( 558 ) p. 579); adventitious branches appear at inde- 
terminate places in older plants. 

Kylin (( 392 ) p. 30) maintains Kiitzing's genus Gastroclonium for those 
species of Chylocladia in which the main axes and the basal parts of the 
branches remain solid, with only slight elongation of the inner cells 
(cf. ( 42 ) p. 23, ( 289 ) p. 315). The hollow parts show essentially the same 
structure as Chylocladia. G. ovale (Huds.) Kiitz.^ is a frequent littoral 
species. 

Champia parvula^ (fig. 181 G), a widely distributed epiphyte in the 
warmer seas of the Northern Hemisphere, forms dense bushy tufts 
arising from a number of creeping threads attached by multicellular 
haptera (( 50 ) p. 408); the branches here often arise singly. The more 
robust and little-branched C. lumbricalis Lamour. (( 270 ) pi. 30, ( 289 ) p. 3 17) 
has a wall of a number of layers of cells, while the diaphragms may be 
several-layered. 

In Lomentaria there are no diaphragms. The thalli of L. articulata 
{Chylocladia articulata Harv. ( 276 ) pi. 283), which is common between 
tide-levels, are constricted at the points of branching (fig. 181 F) 

^ Lomentaria ovalis J. Ag. ; Chylocladia ovalis (Huds.) Hook. (( 276 ) pi. 1 18). 
In the Mediterranean G. clavatum (Roth) Ardiss. (Lomentaria clavata J. Ag. ; 
Chylocladia clavata (Roth) Eliding, ( 42 ) p. 38; C. mediterranea J. Ag.) only 
the basal part is solid. C. mediterranea (Kiitz.) Zanard. (( 763 ) pi. 44) is 
Lomentaria compressa (Kiitz.) Kylin (( 392 ) p. 27). 

* Chylocladia parvula Hook: (( 276 ) pi. 210); Lomentaria parvula Kutz. For 
the structure of this and other species, see (37) P- 686, (41), ( 42 ) p. 5, ( 50 ) 
p. 407, ( 289 ) p. 321, (475) p. 247- 
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where they are solid. Those of L. clavellosa (Turn.) Gaill./ on the 
other hand, are hollow throughout and unconstricted ; they may reach 
a length of 40 cm. and show distichous branching. The anatomical 
structure ((42) p. 41, (168) p. 41 1, (289) p. 323, (380) p. 44, (558) p. 583) is 
much like that of Chylocladia (fig. 183 A). The peripheral small- 
celled cortex (fig. 183 B, sc) is, however, more extensive and may form 
a continuous several-layered covering to the older parts. The longi- 
tudinal threads (/) are branched (fig. 183 C) and joined by secondary 
pit-connections (/>), while in the solid nodes of L. articulata they are 
closely packed and consist of large rounded cells. 

The early development ^ is similar in all Champiaceae. The spores 
first divide into quadrants which then segment into two horizontal 
tiers (fig. 182 E). The four upper cells (a) constitute the primary 
apicals which divide horizontally to produce the erect thallus (figs. 
182 F; 183 E), while those of the lower tier grow out into rhizoids (r). 
As the thallus broadens, additional apical cells are formed from some 
of the uppermost segments. Older germlings of Chylocladia and 
Lomentaria show a thick, hemispherical or nearly globular attachment- 
organ bearing one or two erect fronds. In L, uncinata Menegh. ((173) 
p. 248) it gives rise to radiating stolons, which form secondary hold- 
fasts at their tips. 

The Rhodymeniaceae show greater diversity in external habit and 
include a number of non-fistular foliose forms {Rhodymenia^ fig. 18 1 
B; Fauchea). Chrysimenia (sens, lat., fig. 181 A, C), Coelarthrum (fig. 
18 1 D), and Binder however, resemble the Champiaceae in pos- 
sessing vesicular thalli and in the presence of bulb-cells like those of 
Chylocladia on the inner surface of the cells lining the central hollow 
(fig. 183 G, H, z). In the Australian Binder a splachnoides Harv. ((277) 
pi. Ill, figs. I, 2; Halymenia saccata Harv. (6) p. 41, (277) pi. 133, 
(392) p. 5) these terminate systems of branched threads (fig. 183 K). 
In all Rhodymeniaceae the inner cells are large and rounded (fig. 183 
I, J; (392) p. 35), which no doubt represents a more primitive condi- 
tion than that found in Champiaceae. 

Rhodymenia palmata (fig. 181 B; (276) pi. 217), a widely distributed 
littoral perennial with a dark red, simple or branched thallus (cf. also 
(558) p. 569), is the dulse of the Scots and the dillisk of the Irish and is 
edible (see p. 41 1). The early stages ((129) p. 438, (340) p. 191) resemble 
those of Champiaceae, although the young fronds are stated to be uni- 
axial, the axial thread persisting in the basal stalk. The mature fronds 
((94), (340) p. 198, (389) p. 35, (634) p. 30, (74S) p. 99) possess a marginal 
meristem and consist of several layers of thick-walled medullary cells 
enveloped by a rather narrow small-celled cortex ; in the stalk the latter 
is broader and in older plants shows zones of growth ((331) p. 23, (340) 

^ Chrysimenia clavellosa J. Ag. ((276) pi. 114); Chylocladia clavellosa Grev. 

2 See (129) p. 439, (162) p. 344, (173) p. 249, (339) p. 246, (379) p. 5, (ss8) 
p. 582; cf. also Solms-Laubach, Ann, Jar d. Bot. Buitenzorg, 4, 152-3, 1884. 
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Fig. 183. A-E, Lomentaria articulata (Huds.) Lyngb. ; A, longitudinal 
section of apex; B, portion of older part in longitudinal section; C, longi- 
tudinal threads showing secondary pit-connections (/>) ; D, E, early stages in 
development, D from above, E from the side. F, Chrysimenia {Botryocladia) 
microphysa Hauck, germling, from above. G, H, C. {Botryocladia) pseudo- 
dichotoma Farl.; G, bulb-cells; H, longitudinal section. I, Fauchea Fryeana 
Setch., section of thallus. J, K, Bindera splachnoides Harv. ; J, part of trans- 
verse section of thallus; K, group of bulb-cells, a, apical cells; c (in H, I), 
cortex; co, primary cortical cells; commencement of mature thallus; 
t, bulb-cells; /, longitudinal threads; m, medulla; r, rhizoids; sCy secondary 
cortical cells. (D-F after Killian; I after Sjostedt; J, K after Kylin; the rest 
after Eliding.) 
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p. 207). The attachment-disc is composed of numerous rows of cells 
((701) p. 72). The young fronds bear groups of hairs which are visible 
to the naked eye. Butters (90) gives a few data on the structure of R, 
pertusa (Post. & Rupr.) Ag., a characteristic subarctic sublittoral species 
with a large thallus showing perforation ((623) p. 313). Fauchea ((389) 
P- 33 > (615) p. 239, (634) p. 25), confined to warmer seas, has fronds with 
much the same structure (fig. 183 I) as Rhodymenia. Dendrymenia ((638) 
p. 16) shows a similar habit and sympodial mode of growth to Con- 
stantinea (p. 502). 

The seaweeds usually included in Chrysimenia (364)^ are frequent 
sublittoral forms of warmer seas, varying in the degree of inflation and 
the extent of branching of the thallus (fig. 181 A, C). Coelarthrum, 
widely distributed in warmer seas ((47) p. 189, (50) p. 404, (57) p. 40, (60) 
P- 333 )> as well as in Australia ((392) p. 14), has a dichotomously branched 
thallus (fig. 18 1 D), showing periodic constriction at points where 
diaphragms occur. The bulb cells are here borne on irregular 
stellate elements. The Tasmanian Gloeosaccion ((4) p. 316, (277) pi. 83) 
has a simple saccate thallus. Halosaccion ramentaceum (L.) J. Ag., a 
characteristic North Atlantic and Pacific seaweed, with a very variable 
habit ((361) p. 30), is often ((685) p. 304) included in the Rhodymeniaceae 
(cf. also (404) p. 27). 


II. The special JQevelopments of the Uniaxial 

TYPE AMONG UeRAMIALES . ^ 

The numerous genera of Ceramiales exhibit great diversity in vege- 
tative construction, as exemplified by the families Ceramiaceae, 
Delesseriaceae, Rhodomelaceae, and Dasyaceae, although these only 
present minor differences in their reproduction. Diverse genera attain 
to a high degree of morphological complexity. All Ceramiales are, 
however, uniaxial. Moreover the germinating spores develop a single 
bipolar axis from the first (figs. 184 G; 185 D, E) and all traces of 
heterotrichy are lacking.^ While the first septum is usually described 
as running parallel to the substratum, Chemin (129) affirms that it is 
vertical or oblique to the latter and that the germling is at first pro- 
strate, although the apex soon becomes erected (cf. also (483)); this is 
almost certainly a cultural condition. The four families are best 
considered separately. 

^ Kylin (392) establishes a number of distinct genera, viz. Botryocladia, with 
a partly solid thallus (incl. C. pseudodichotoma Farlow, (42) p. 51, (194); 
C. uvaria (L.) J. Ag. (47) p. 189, (50) p. 402, (52); C. pyriformis Boerges. (47) 
p. 187, (50) p. 400; C. microphysa Hauck), and Cryptarachne with strongly 
compressed thalli showing extensive hypha-formation (incl. C. Agardhii 
Harv. (272) p. 189, (50) p. 392). The genus Chrysimenia is retained for C. 
ventricosa. See also (778). 

^ See (129) p. 445, (173) p. 256, (339) p. 213, (380) p. 136, (ss8) p. 336, (692) 
p. 7i» (69s) p. 8. 
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(<2) Ceramiaceae 

Many (Jeramiaceae retain a filamentous habit, and this is very obvious 
in Callithamnioriy where the structure^ resembles that of Aero- 
chaetium (p. 450). The richly branched tufts of the former (fig. 184 A), 
commonly only 2-5 cm. high, have much the habit of a Cladophora 
(fig. 184 B). The elongate cells are uninucleate (C. Brodiaei Harv. 
(276) pi. 129; C. roseum (Roth) Harv. (276) pi. 230), or more usually 
multinucleate (C. corymbosum), and mostly contain ribbon-shaped 
chromatophores. The branches arise alternately and in definite spiral 
succession (560) from just beneath the septa, usually standing pff in all 
directions, though distichous in some species (e.g. C. tripinnatum Ag., 
C. Hookeri, fig. 184 B; (276) pi. 279). In many the principal axes are 
composed of broad, thick-walled cells (fig. 184 B, a) which sometimes 
show a zigzag disposition ((697) p. 538). Vigorous development of the 
laterals occasionally results in pseudo-dichotomy in the later branch- 
ings (C. corymbosum Lyngb. (276) pi. 272). Certain species (C. 
Brodiaei \ (ssS) p. 314, (559)) at times produce a profusion of long slender 
hairs on the ultimate branches, which may continue to grow sym- 
podially, as in Acrochaetium. 

The older parts are usually enveloped in an investment of delicate 
multicellular corticating threads (lacking in C. byssoides Arn. (276) pi. 
262) which originate from the basal cells of the laterals (fig. 184 C) and 
sometimes (C. Hookeri) also from the lower ends of the axial cells; 
they commonly grow through the thick walls of the latter, although 
ultimately penetrating to the exterior. This cortical envelope often 
Forms a compact tissue (six cells thick in C. tetricum Ag. (736) p. 194; 
:f. also (734)) which completely obscures the lower part of the axis and 
may contain chromatophores in its outer cells. Not uncommonly 
short adventitious branches arise from it. 

Anchorage is effected by similar multicellular filaments emerging 
From the cortex and from the basal cells of the lower branches and 
sometimes (C. tetricum) uniting to form a definite disc. The germlings 
ire attached by a basal rhizoid (fig. 184 F, G), which is soon replaced 
3y others. In C. Furcellarieae J. Ag. ((558) p. 339) attachment is aided 
3y horizontal stolons which arise from the lower axial cells and may 
^ive rise to further erect threads. Similar structures are recorded in 
:he minute C. scopulorum Ag. ((733) p. 130), where they emerge singly 
From the under sides of the branches and, being detachable, aid in 
/egetative propagation. 

Certain species persist from one season to another (cf. (558) p. 329), 
ilthough others are probably annuals. Several (e.g. C. roseum) favour 
nud-covered rocks near low-water mark, while others (e.g. C. Brodiaei) 


^ See (369) p. 150, (478) p. 358 (as Poecilothamnion), (558) p. 308, (692) p. 67. 
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are more usually epiphytic, with rhizoids penetrating into the sub- 
stratum. One of the most robust species is C. tetricum. 



C. Hookeri (Dillw.) Ag. ; B, apical part of a plant; F, G, young plants. C, C. 
Baileyi showing cortication (ro). D, Spermothamnion Turneri (Mert.) Aresch., 
base of plant. E, Trailiella intricata (J. Ag.) Batt., base of plant. H, Sphondylo- 
thamnion multifidum (Huds.) Naeg., small part of a plant, a, axial cell; 
h, haptera; r, rhizoids. (A, C, D after Taylor; H after Hauck; the rest after 
Rosenvinge.) 

MonosporUy Pleonosporiuniy and Seirospora^ differ from Callithamnion 
only in their reproductive features ; Seirospora Griffithsiana Harv. ((276) 

^ This genus {Microthamnion J. Ag.) was established by Harvey (276) who, 
however, later ((272) p. 237) again included it in Callithamnion (C. seiro- 
spermum Griff., Poecilothamnion seirospermum Naeg.). The reproductive 
features (p. 728), however, warrant generic separation. Schmitz (593) believed 
that Seirospora was characterised by its uninucleate cells, but it has since been 
shown that these occur also in some species of Callithamnion (cf. above and 
(46) p. 13, (460) p. 288). 
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pi. 21, (478) p. 364, (558) p. 347, (580)) is a rare North Atlantic sublittoral 
species. Compsothamnion ((478) p. 342, (737)), which shows distichous 
branching (fig. 275 H), includes a number of delicate forms found near 
low-tide level (cf. (276) pi. 5, 269, as Callithamnion)^ whilst Sphondylo^ 
thamnion ((478) p. 380), with the widely distributed S. multijidum ((69) 
p. 1 81, (225) p. 230), is distinguished by its whorled laterals (fig. 184 H) ; 
both genera are uncorticated. 

Spermothamnion ((373), (460) p. 281, (478) p. 351, (531) p. 15, (558) p. 298), 
Ptilothamnion ((69) p. 179, (387) p. 77), and Trailiella ((30) p. 10, (372) 
p. 4,^ (373) p. 87, (432) p. 196, (558) p. 305), the last a recent introduction 
into Northern Europe, are uncorticated epiphytes with creeping threads 
attached by haptera (fig. 184 D, E); Trailiella intricata^ is also dis- 
tinguished by the possession of vesicular cells (p. 586) and the slight 
degree of branching of the erect threads. The common form of 
Spermothamnion found between tide-levels is probably correctly desig- 
nated S. repens (Dillw.) Rosenv., while S. Turneri (Mert.) Aresch.^ and 
other closely related forms, regarded by some as distinct species, appear 
to have only varietal value. The creeping filaments are persistent, while 
the numerous branches of the erect filaments are either opposite 
(usually in var. Turneri) or alternate (usually in var. roseolum) ; the cells 
are multinucleate. Ptilothamnion pluma (Dillw.) Thur. {Callithamnion 
pluma Ag. (276) pi. 296) is a rare, though widely distributed, form. 

A similar attachment by creeping threads is seen in Vickersia baccata 
(J. Ag.) Karsak. ((54) p. 20; (336); Callithamnion haccatum Ag.), found in 
the Mediterranean ((225) p. 224) and the islands of the North Atlantic 
((583) p. 55); here the opposite or whorled laterals of the erect threads 
are composed of single much inflated cells (fig. 289 G; p. 713). 

Griffithsia ((so) p. 202, (37s) p. 99, (428) p. 641, (751)) is distinguished 
by its huge non-corticated multinucleate cells which are readily 
visible to the naked eye ; the older ones may contain several thousand 
nuclei as a result of repeated division. The copious forked branching 
(fig. 185 I) is due to equal development of lateral and parent axes. 
Short branchlets (fig. 185 J,/), bearing the reproductive organs, arise 
from the tops of the younger cells, while richly branched hairs (fig. 
185 I, J, h) are commonly borne in the same position ; both structures 
are deciduous. The entire thallus is encased in a thick mucilage- 
envelope, which in G. corallina is two-layered and visible to the naked 
eye ((258) p. 215). The early development resembles that of Calli- 
thamnion ((129) p. 478, (339) p. 223, (379) p. 16), the older plants being 
usually attached by vigorous rhizoids emanating from the basal cell 
of the germling ((so) p. 204, (173) p. 259, (428) p. 654). 

^ As Spermothamnion roseolum (Ag.) Pringsh. 

^ Spermothamnion Turneri f. intricata Holmes & Batters ((312) p. 96). 

® Callithamnion Turneri (Roth) Ag. ((276) pi. '179); Herpothamnion Turneri 
(Mert.) Naeg. ((478) pp. 348, 351). Other members of this aggregate, that are 
sometimes distinguished as separate species, are S. roseolum (Ag.) Pringsh. 
((531) p. 15) and S. hermaphroditum (Naeg.) Janczewski ((326) p. 115; Herpo- 
thamnion hermaphroditum Naeg. (478) p. 352). 
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Fig. 185. A-F, Antithamnion; A, habit and B, part of a branch-system of 
A. cruciatum (Ag.) Naeg. ; C, A. plumula Thur., part of branch-system; 
D-F, the same, successive stages in germination. G~L, Griffithsia; G-I, 
G. globifera (Harv.) J. Ag. ; G, cell-division, formation of vacuole (t;) in 
daughter-cell; H, rhizoid -formation; I, habit. J-L, G. corallina C. A. Ag. ; 
J, a few segments, with fertile shoots (/) and hairs {h ) ; K, young fertile shoots ; 
L, apex of thallus. e, erect axis of young plant; hairs; /, branches of un- 
limited growth; m, main axis; />, accessory lateral; r, rhizoids; t, tetra- 
sporangia; vesicular cells. (A, I after Taylor; B after Rosenvinge; C after 
Naegeli; D-F after Killian; G, H after Lewis; J-L after Kylin.) 
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The annual G. corallina ((276) pi. 214; G. corallinoides Batt.) and G. 
setacea C. Ag. ((276) pi. 184; G. flosculosa Batt.), stated to be perennial, 
are widely distributed European littoral species, while G. globifera 
(Harv.) J. Ag. (G. Bornetiana Farlow) is a frequent annual on the 
Atlantic shores of North America. Bornetia secundijiora (J. Ag.) Thur. 
{Griffithsia secundijiora J. Ag. (691)), with the same vegetative structure, 
is more characteristic of warmer seas ((436) p. 21). Another not un- 
common form with multinucleate cells is Halurus equisetifolius Kiitz. 
{Griffithsia equisetifolia Ag. (276) pi. 67), which is distinguished by its 
whorled branching ((47S) p. 399). 

Greater specialisation is evident in Antithamniony^ with several 
widely distributed species, usually found on rocks near low-water 
mark. The plants possess creeping threads which have upturned tips 
and bear a number of erect uncorticated filaments. Their branches are 
usually clearly distinguishable into those of unlimited and those of 
limited growth. Several branches arise from the same parent-cell and 
those of limited growth are either opposite, as in crnciatum (fig. 185 
A, B; Callithamnion cruciatum C. Ag. (276) pi. 164) and A. floe cosum 
(Miill.) Kleen {C.floccosum Ag. (276) pi. 81 ; Pterothamnion Naegeli) or 
in whorls of three (cf. Crouaniay p. 459) or four, as in A, elegans 
Berthold ((36) p. 516, (54) p. 56) and A. subulatum (Harv.) J. Ag. ((383) 
p. 50); the members of a whorl develop successively. The ultimate 
branchlets are commonly adaxial (fig. 185 B, C). The branches of un- 
limited growth are alternate and take the place of a short lateral (fig. 
185 B, /). The uninucleate cells contain numerous chromatophores. 

In A. plurnula {Callithamnion plumula Lyngb. (276) pi. 242) the 
branches of the erect threads are generally opposite and in one plane 
(fig. 185 C), although in shaded habitats they tend to turn in the direc- 
tion of the light ((37) p. 614). Cells producing a shoot of unlimited 
growth (fig. 185 C,/) commonly lack the opposite lateral, which is also 
often wanting on one or two of the overlying cells of the parent branch. 
Frequently, however, the cell from which a long shoot arises bears a 
pair of unbranched laterals {p) in a plane perpendicular to the normal 
plane of branching. Occasional individuals have the branches in w^horls 
of three or four, with the long shoots orientated in dive^'se directions ; 
according to Berthold ((37) p. 614) this is a result of uniform illumina- 
tion, although Rosenvinge’s observations ((558) p, 364) render this 
doubtful. 

The short laterals of A. cruciatum (fig. 185 B) are often decussate (cf. 
also (54) p. 51, (537) p. 170), though the angle between successive pairs 
varies, while plants exposed to unilateral illumination are stated by 
Berthold ((37) p. 573), who made considerable studies on the light- 
reactions of this species (cf. also (697) p. 545), to develop all the branches 

^ See (37) p. 573, (5°) p. 226, (54) p. 51, (^3), (3S7) p. 254, (383) p. 45, (475) 
p. 200, (476) (as Pterothamnion) y (478) pp. 374 (as Pterothamnion) ^ 378, (539) 
p. 25, (558) p. 359, (577) p. 137. Platythamnion and Antithamnionella (437) show 
essentially the same features. 
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in one plane. In this species long shoots also arise adventitiously from 
the basal cell of a lateral of limited growth. 

The early development of A. plumula ((129) p. 483, (339) p. 215, 
(379) p. 15) is like that of Callithamnion. A protrusion of the spore 
becomes cut off as the first rhizoid (fig. 185 D, E, r), while the rest 
divides to produce the erect axis [e). According to Berthold ((37) 
p. 573) the primary axis of A, cruciatum soon terminates its growth, 
while procumbent or ascending branches arise from its base. It can 
hardly be doubted that the creeping threads of Antithamnion, 
Spermothamnioriy etc. are always secondary in origin. In Antithamnion 
the creeping threads are attached by unicellular rhizoids, as well as by 
more elaborate haptera, while in older plants multicellular rhizoids 
originate from the lower branches of the erect axes ; they are of course 
homologous with the cortical threads of Callithamnion. In A. 
plumula ((558) p. 362) some of them develop into runners producing 
other erect threads. 

The interrelationships of the diverse genera so far considered are 
not altogether clear. Since a uniaxial construction with whorled 
laterals is characteristic of many of the less specialised Florideae and 
is also seen in Crouania and Wrangelia (p. 457) among Ceramiaceae, 
forms like Crouania and Antithamnion are probably more primitive 
than Callithamnion and its allies, a point of view which receives con- 
siderable support from a consideration of the arrangement of the 
female reproductive organs (p. 691). Whorled branching of a some- 
what different type is also found in Actinothamnion ((687) p. 659). 
Crouania^ as already noted, altogether conforms to the Batracho- 
spermum-typty although the early development is practically identical 
with that of Callithamnion ((129) p. 486, (339) p. 218). 

The bilateral branching seen in Antithamnion is also characteristic 
of Ballia (p. 744), Plumaria (inch Euptilota Cramer non Kiitz.), and 
Ptilotay in which, however, the older parts of the thalli show con- 
siderable cortication (cf. also Wrangeliay p. 459). Plumaria elegans^ 
((587) p. 450, (598) p. 5), a small perennial lithophyte, is frequent be- 
tween tide-levels in the North Atlantic. The thallus shows repeated 
pinnate branching and, in the younger parts, presents considerable 
resemblances to an Antithamnion (fig. 186 B). The paired laterals arise 
successively, that first formed {1-5) usually developing more strongly 
than the opposite one. The older ones exhibit a stronger develop- 
ment of the branches of the second order on the abaxial face, the 

^ Ptilota elegans Bonnem.; P. sericea (Gmel.) Harv. ((276) pi. 191). See (14s) 
p. 6, (380) p. 57, (47s) p. 206, (53O, (558) p. 352. Naegeli and Cramer described 
it under the name Ptilota plumosUy an altogether different alga, and this was 
repeated by Oltmanns in the first edition of his book ((500) p. 585), although 
the error was rectified in the second. There has been much confusion between 
the two Algae (cf. (357) p. 253). 




Fig. i86. A, E, H, Ptilota\ A, P. Harveyi Hook, fil., apex of a branch; 
E, P. plumosa (L.) Ag., tip of a shoot of unlimited growth, 1-5 successive 
laterals, H, the same, small part of a plant. B— D, Plutnavia elegans (Bonnem.) 
Schmitz; B, apex of shoot of unlimited growth, 1-5 successive laterals; 
C, small part enlarged to show manner of cortication; D, longitudinal section 
^rough a small part of a mature axis. F, G, Spyridia filamentosa (Wulf.) 
Harv. ; F, tip of a young “filament”; G, cortication of axial segments. 

axial cells; 6 (in F), cortical cell; c (in D), conducting system; co, storage- 
cells , hf cortical threads ; /, laterals of unlimited growth ; p, cortex-forming 
cells ; pe (in G), pericentrals ; />/, secondary pit-connections ; s (in G), secondary 
cortical cells; su, surface-layer of thallus; /, superficial thread-like outgrowth. 
(A after Cramer; D after Rosenvinge; F after Taylor; G after Phillips* 
H after Newton; the rest after Kylin.) * 
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uppermost ones not uncommonly ending in hairs ((558) p. 353, (559) 
p. 210). Certain laterals (/) develop into long shoots. 

The thick cortex enveloping the older axes is produced from two 
sources. Small cells (fig. 186 B, C, h), cut off from the basal cells of 
the laterals, give rise to cortical threads much as in Callithamnion. 
Apart from this, however, the axial cells (a) put out protuberances 
(p) in a plane perpendicular to that in which the main branches of the 
thallus are formed (cf. Antithamnion ) ; each of these cuts off at its four 
corners (fig. 186 C, 1-4) small cells which grow out respectively in the 
upward and downward directions as branched threads covering the 
axial cells (cf. Ceramium). The two kinds of outgrowths gradually 
produce a thick envelope (fig. 186 D), differentiated into a small-celled 
photosynthetic layer {sii)^ an intermediate storage-layer {co) of large 
cells, and a conducting system {c) of long narrow elements surrounding 
the large axial cells {a\ (558) p. 354, (744) p. 72). In the older parts 
certain superficial cells grow out into unbranched threads {t) forming 
a surface felt. The early development is like that of other Ceramiales. 

Ptilota plumosa ((276) pi. 80), a robust North Atlantic perennial, often 
epiphytic on Laminaria ((701) p. 70), is very similar in habit and general 
structure. The laterals (fig. 186 E, -r-5), here arising from alternate 
segments of the apical cell,^ are markedly unequal and the cortex, 
formed entirely by outgrowths (h) from their basal cells ((145) pp. 25, 
110,2 (ggg) p cf. also fig. 186 A, A), develops at an early stage. It 
forms an envelope of large storage elements, with one or two layers of 
small superficial cells, while in the older parts there is a progressive 
production of hyphae from the former; at first these hyphae surround 
the axial thread, but later they aggregate in thick bundles and often 
occupy a large part of the transverse section. The larger axes show some 
compression. 

P. pectinata (Gunn.) Kjellm. (P. serrata Kiitz. (163)), abundant on the 
northern coasts of Atlantic America, is essentially similar in structure. 
See also P. densa Ag. (Pterota densa Cramer (145) p. 42). 

The richly branched tufts of Ceramium ((144), (369) p. 174, (513)) are 
often recognisable by the transverse banding of the younger parts and 
the tong-like curvature of the forks of the ultimate branches (fig. 187 
A, B, D). Each thread is occupied by a row of large cylindrical or 
barrel-shaped cells (fig. 187 B, I, I^, ac\ the older ones being almost 
colourless. The rather regular dichotomy ((144) p. 2, (35O p. 343) is 
initiated by the appearance in the dome-shaped apical cell (fig. 187 C) 
of two inclined walls which cut out the apicals (d!) of the forks (fig. 

187 D). 

At an early stage a series of pericentrals is cut off successively (fig. 
187 E, J, 2, j, etc. ; F, p) at the top of each segment, their number 

^ This is not so in all Ptilotas (cf. P. Harveyi^ fig. 186 A). In Euptilota 
((598) p. 5) the apical cell cuts off somewhat oblique segments ((405) p. 66). 

2 Under the name Pterota plumosa. 
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Fig. 187. Ceramium. A, C. Deslongchampii Chauv., apex of a branch -system ; 
B, C. fastigiatum Harv., ditto; C, C. Deslongchampii, apical branching; 
D, diagram of apex; E, diagram to show mode of formation of pericentrals 
(j-6); F, undetermined species, development of cortication and branches 
ibr)\ G, H, J, K, Ceramium sp., early stages in development; I, C. Deslong- 
champii, structure of a mature thallus-branch ; L, ditto, dichotomy; M, C. 
diaphanum (Lightf.) Roth, apex of thallus-branch with hairs (h). a, apical 
cells ; ac, axial cells ; co, cortex ; m, mucilage ; p, pericentrals ; pi, lower and pu, 
upper cortical cells; r, rhizoid; s, segment; sp, spine; t, tetrasporangia. 
(A, C-F after Cramer; G, H after Killian; J, K after Pringsheim; the rest 
after Taylor.) 
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being a valuable diagnostic character ((513) p. 87, (524) p. 280). Each 
cell of the primary cortical band thus produced cuts off four secondary 
ones (fig. 187 F), two above {pu) and two below {pi), and these give 
rise to four branching threads {co) which remain closely apposed to 
the axial cells. In their entirety they gradually form a small-celled 
cortex which envelopes, not only the upper end of the parent seg- 
ment, but also extends onto the segment above (fig. 187 I, L, co). In 
some species (e.g. C. rubrum (Huds.) J. Ag. (276) pi. 18 1) the cortical 
bands of successive segments remain combined to form a uniform 
investment through which the axial cells are just distinguishable, but 
in others (C. diaphanum (276) pi. 193, C. strictum Harv. (276) pi. 334) 
the lower part of the segment stretches appreciably so that the bands 
become widely separated (fig. 187 B, I, L) and are visible even to the 
unaided eye (fig. 187 A). The cortical cells are usually isodiametric or 
longitudinally elongated, although in C. transversale Collins and 
Hervey ((50) p. 243, (140) p. 145) the lower ones are transversely ex- 
tended. Hairs ((513) pp. 4Q, 86, (558) p. 372, (559) p. 208) are frequently 
present on the younger parts (fig. 187 M, h). 

The primary cells of the cortical bands are no doubt homologous 
with those producing branches in other Ceramiaceae, as well as with 
the pericentrals of Rhodomelaceae. In certain species (e.g. C. ciliatum 
Ducluz. (276) pi. 139), in fact, each of these cells grows out into a short 
spinous lateral (fig. 187 F, br), while in others (e.g. C. acanthonotum 
Carm. (276) pi. 140) only one such branch is produced on each cortical 
band. The threads arising from the pericentrals are directly com- 
parable to the corticating filaments of Plutnaria. Their cells may also 
bear short spinous branches, as in C. echionotum J. Ag. ((276) pi. 141 ; 
cf. also fig. 187 F, sp). 

The germlings ((129) p. 488, (173) p. 258, (339) p. 221, (379) p. 18, 
(531) p. 33, (69s) p. 6) are of the usual type (fig. 187 J), except that the 
spore is attached to the substratum by a cushion of mucilage (fig. 187 
G, rn) which is penetrated by the first rhizoid. Cortex-development 
commences early (fig. 187 K). The mature tufts are attached ((701) 
p. 66) by rhizoids originating from the lower axial and cortical cells ; 
their tips form holdfasts and they may occasionally develop cortical 
bands ((558) p. 372). 

Species of Ceramiurn occur abundantly between tide-levels, as well 
as in deeper water. The Mediterranean C. radiculosum Schiller (578) 
inhabits rivers, especially the estuarine portions. In C. tenuissimum 
(Lyngb.) J. Ag. (C. nodosum Harv. (276) pi. 90) and certain other species 
the cortical bands include colourless refringent cells which contain 
protein, sometimes in the form of crystalloids ((209) p. 8, (372) p. 9, (381), 
(384) p. 281, (513) pp. 55, 86, (514) p. 100), which may also occur in the 
axial cells (fig. 147 M, cr). 

Several other genera show much the same structure. In Ceramo- 
thamnion ((140) p. 134, (542), (600), (727) p. 335)> which is apparently 
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widely distributed in warmer seas, the little-branched erect filaments 
arise from creeping threads. Microcladia glandulosa Grev., a frequent 
Northern seaweed with distichous branching and slight flattening, has 
a continuous several-layered cortex. In Reinboldiella ((206), (703) p. 35 ; 
Gloeothamnionisz^)) the terete, pinnately branched thalli are completely 
prostrate; the form and density of arrangement of the cortical cells 
differ on the two surfaces so that there is some degree of dorsi- 
ventrality. 

The widely distributed perennial seaweed Spyridia filamentosa (fig. 
188 A; (276) pi. 46) differs considerably from other Ceramiaceae ((2) 
P- 338, (50) p. 233, (14s) p. 75, (s2o)). The laterals (fig. 188 B,/), arising 
from the first pericentral of each segment, are arranged on a 5/13 spiral,^ 



Fig. i88. A, B, Spyridia filamentosa (Wulf.) Harv. (after Taylor); A, habit; 
B, small part of thallus enlarged, with tetrasporangia. C, S. aculeata Kutz., 
with tendril (t) (after Nordhausen). c, cortex of filament (/); pe^ pericentral 
cells ; Sj secondary cortical cells ; te^ tetrasporangia. 

and most develop into the deciduous photosynthetic “ filaments 
which occur only on the younger parts (fig. 274 C, fi) and also bear the 
antheridia and sporangia (fig. 188 B, te). They consist of about 20 cells 
which produce a localised cortex (c) as in Ceramium (cf. also fig. 186 
F, b) ; the cortical cells commonly bear long hairs. Each cell of a long 
axis successively cuts off 14 pericentrals which, as the parent-cell 
lengthens, remain as a ring at its upper end (figs. 186 G; 188 B, pe). 
Each pericentral gives rise below to two secondary cells (s), which 
lengthen in the same measure as the axial cell and become joined by 
secondary pit-connections {pi) to the underlying ring of pericentrals. 
According to Taylor ((685) p. 343) the pericentrals subsequently divide 
longitudinally so that their number is equal to that of the secondary 
cortical cells (fig. 188 B). The uniformity of the envelope superficially 

^ In the tropical S. clavata Kiitz. the laterals are distichous ((50) p. 235). 
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recalls the appearance of a Polysiphonia, The secondary cortical cells 
are perhaps homologous with the corticating filaments of Ceramiuniy 
although in Spyridia they do not give rise to branched threads. The 
older parts possess a dense covering of hyphae arising from the cortical 
cells. The early development is of the usual type ((129) p. 489, (173) 
P* 257). 


(b) Delesseriaceae ((iz), (382), (638) p. ao) 

The Delesseriaceae comprise a striking series of often delicate foliose 
forms ^ in which the thallus commonly shows a development of mid- 
ribs and lateral veins so as to simulate to a remarkable extent the leaf 
of a higher plant (fig. 192). They include a considerable number of, 
frequently perennial, sublittoral forms, which, though widely distri- 
buted, probably attain their greatest development in the seas of the 
Southern Hemisphere ((143) p. 149, (2^>9) p. 470, (382)). The thalli are 
produced by juxtaposition in one plane of the numerous branches of 
the axial filament (fig. 189 B), and the greater part of the resulting 
expanse usually remains one-layered,^ midribs and veins alone de- 
veloping a more massive structure. In the Australian Hemineura 
frondosa Harv. ((270) p. 116; Delesseria frondosa Hook. f. & Harv. (277) 
pi. 179), however, most of the frond consists of 3-5 layers of cells. 

The cells of the axial row (fig. 189 B, c) and of its successive 
branches are linked by primary pit-connections, while the basal (h) 
and adjacent cells of the laterals, which contribute to the formation 
of midrib and veins, become joined longitudinally (fig. 193 B, %p') by 
a number of secondary pit-connections ((380) p. 183, (509), (558) pp. 466, 
476) ; such connections also arise between other cells of adjacent rows. 
In most genera the fronds are capped by a conspicuous apical cell (a 
in figs. 189 B ; 19 1 D) forming a single series of segments, but in most 
Nitophylleae the apical cell is distinguishable only in younger stages. 
In the principal axes the segments cut off four pericentrals (fig. 189 
E, F), the first two (Ip) in the plane of branching, the other two (m/>), 
which initiate the several-layered ribs, in a plane perpendicular to it. 
The mode of formation of the pericentrals in Delesseriaceae contrasts 
with that found in Rhodomelaceae (p. 544) and Dasyaceae. Certain 
genera [Apoglossuniy Delesseria^ Phy codry s^ Nitophylleae) afford an 
exception to the strictly apical growth of most Florideae, since they 
exhibit more or less extensive intercalary division (cf. fig. 193 A). 

The apical cell (fig. 189 B, a) is very evident in Hypoglossum 
Woodwardiiy^ with rather narrow lanceolate fronds (fig. 189 D). Its 

^ Pantoneura ((276) pi. 83, (382) p. 17, (405) p. 47), with a number of species 
in colder seas, has terete or only slightly flattened thalli, composed of several 
layers of cells. Various Delesseriaceae found in the Baltic show a great reduc- 
tion of surface (cf. (426) p. 100 and the literature there cited). 

* Delesseria Hypoglossum (Woodw.) Lamour. ((276) pi. 2). See (12) p. 181, 
(380) p. 81, (382) p. 9, (472), (475) p. 214. (744) p. 55- 
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flat segments (fig. 189 B, s) divide into a central (c) and two trans- 
versely extended pericentral cells (/>), which function as secondary 
apical cells. The latter undergo very oblique division to form the 



Fig. 189. A, B, D, Hypoglossum Woodwardii Kiitz. (after Kylin); A, midrib 
in transverse section; B, apex of thallus; D, part of frond shovv^ing mode of 
branching. C, E, F, Caloglossa ogaswaerensis Skuja (after Skuja); C, part of 
thallus; E, F, transverse sections at different levels, a, apical cell; 6, basal cell 
of lateral ; br, branch ; c, axial thread ; cy, cystocarp ; h, hyphae ; 4 apical cells 
of primary laterals; Ip, p, lateral pericentrals ; m, midrib; mp, median peri- 
centrals; pi, pit-connection; r, rhizoids; s, segment; si, secondary laterals. 

pinnately arranged laterals of the first order (/, /, /), which bear ^1 the 
secondary laterals {si) abaxially. The elongate apicals of the diverse 
branches all reach the margin of the delicate, though compact, frond. 
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A little way behind the apex (fig. 189 B) there is marked elongation 
of the central cells (c) and of the adjacent cells of the primary laterals 
(d), which together form the foundation of the midrib. No other cell- 
rows are affected so that no veins other than the midrib are present in 
the mature frond. In the formation of the midrib cells are cut off 
parallel to the surface (median pericentrals in the case of the axial row, 
fig. 189 E, F, mp)y while further thickening is effected by tangential 
division (fig. 189 A). The subsequent production of a considerable 
number of narrow hyphae (A), between the larger cells composing the 
midrib, adds to its mechanical strength. 

The species of Caloglossa ((146), (248) p. 438, (249), (337), (477), (527) p. 45, 
(646) p. 631), which inhabit tropical streams (313) and especially the 
brackish estuaries, often accompanying Catenella, Bostrychia^ etc. amid 
the algal vegetation on the roots of Mangroves ((48) p. 46, (50) p. 341), 
have a very similar structure. The narrow prostrate thalli show frequent 
constrictions (fig. 190 C), where forking occurs and bundles of attaching 
rhizoids (fig. 189 C, r) are produced; adventitious branches also arise 
from the dorsal side of the midrib at the points of forking (fig. 189 C). 
The apex is commonly inrolled, with the convex surface upwards. The 
commonest species is C. Leprieurii {Delesseria Leprieurii Mont. (272) 
p. 98 ; Hypoglossutn Leprieurii Kiitz.). 

In Apoglossum ruscifolium'^ ((12) p. 190, (353) p. 45, (380) p. 83, (484) 
p. 302) there is more extensive ramification of the cell-rows com- 
posing the blade, with adaxial development of the branches of higher 
orders. Moreover, the cells of the laterals of the first and second 
orders show marked elongation and form lateral veins which are, how- 
ever, not visible to the unaided eye. Grinnellia americana (fig. 190 A ; 
(12) p. 197, (75), (380) p. 91, (382) p. 20), found on the Atlantic coasts of 
the United States, is very similar, but only possesses primary veins. 
The midrib of Apoglossum is enveloped in a dense mass of hyphae 
(fig. 19 1 C, A), but in Grinnellia there are only few of these. 

In the genera so far considered the branches of the fronds arise 
from the midrib (fig. 189 D, hr) and are stated ((558) p. 474), in Hypo- 
glossum and Apoglossum, to develop endogenously from the central 
cells (cf. however (380) p. 85). In Membranoptera alata^ {Delesseria 
alata (Huds.) Lamour. (276) pi. 247), on the other hand, the copious 
branching is due to the further development of the apical cell of a 
lateral of the first order (figs. 190 D; 192 B) and often results in 
apparent dichotomy ; tufts of adventitious fronds (fig. 190 D, a), some 
of which bear reproductive organs ((558) p. 484), arise in the angles 
between the branches. M. alata is a northern form, with a con- 
spicuous midrib (fig. 192 B) and narrow wings traversed by lateral 
veins. 

' Delesseria ruscifolia (Turn.) Lamour. ((276) pi. 26). 

* See (380) p. 108, (382) p. 14, (S19) p. 183, (558) p. 481, (742) pp. 3 L 64, (744) 
p. 62. 
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The handsome Delesseria sanguinea^ {Hydrolapathum sanguineum 
J. Ag.), sometimes called the “ dock-leaved Delesseria ” and found in 
shaded situations between tide-levels, as well as in deeper water, has 



Fig. 190. A, B, Grinnellia americana (C. Ag.) Harv.; A, habit showing fronds 
with tetraspores {t) and cystocarps (cy); B, a few cells in surface-view. 

C, Caloglossa Leprieurii (Mont.) J. Ag., part of a plant with cystocarps {cy). 

D, Membranoptera alata (Huds.) Stackh., habit. adventitious fronds. (All 
after Taylor.) 


fronds (fig. 192 A) which may reach a length of 25 cm., with con- 
spicuous side-veins produced from the primary laterals; secondary 
veins, formed from the cell-rows of the second order, are usually only 
apparent under the microscope. As in Hypoglossum^ laterals of higher 

^ See (276) pi. 151, (353) p. 4 i» (369) p. 136, (380) p. 92, (S19) p. 177, (S3o), (558 
P* 47 S> (744) p. 57; and for other species (638) p. 21. 
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orders for the most part arise abaxially. Both in Apoglossum and 
Delesseria intercalary divisions occur in all but the axial cell-row ((380) 
P- 93)- 

The robust midrib develops as in Hypoglossum, but the basal cells 
of the primary laterals (fig. 191 B, divide transversely so that they 
are only half as long as the central cells. The surface layer of the mid- 



Fig. 1 91. A, B, D, Delesseria sanguinea Lamour. ; A, transverse section of old 
midrib; B, longitudinal section of midrib; D, apex of frond. C, Apoglossum 
ruscifolium (Turn.) J. Ag,, longitudinal section of midrib, a, apical cell; 
bf elongate cells around axial thread ; c, axial thread ; cOy cortical cells ; sur- 
face-layer of midrib; /z, hyphae; /), pericentrals ; Sy segment. (D after Rosen- 
vinge; the rest after Kylin.) 


rib remains meristematic for some time and forms a relatively wide 
zone of large elements (co) bounded by a small-celled superficial layer 
(e); in the older ribs (fig. 19 1 A) the larger cells (co) appear isolated 
amid a plexus of narrow branched hyphae (h ; (744) p. 60), which appear 
to serve for storage. The veins of the first order develop in an ana- 
logous manner, while the secondary ones are at best only three- 
layered. 

The branches again develop from the midrib, ^ for the most part in 
autumn and winter, and appear to originate from surface-cells. The 

^ Rosenvinge ((558) p. 476), however, describes instances in which branch- 
ing is effected as in Membranoptera. 
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wings of the parent-frond gradually wear away, leaving the persistent 
midrib ((362) p. 445), the cells of which contain large quantities of 
starch ((353) p- 41) which decrease as the new blades develop. The 
attachment of the young fronds to the parent is strengthened by 
hyphae that penetrate into the midrib ((sss) p. 477). 



Fig. 192. A, Delesseria sanguinea Lamour., habit (after Newton). B, Membra- 
noptera alata (Huds.) Stackh.,apex of a frond (after Rosenvinge). C, Phycodrys 
rubens (Huds.) Batt., habit (after Taylor). 


The Delesserieae, comprising the genera hitherto considered, differ 
vegetatively from the Nitophylleae in the possession of prominent 
apical cells and the absence of intercalary division in the axial cells. 
The widely distributed Phycodrys rubens (Huds.) Batt.^ (fig. 192 C), 
though a member of Nitophylleae, shows considerable resemblance 
to Delesseria. Branching of the cell-rows may take place to the fifth 
degree. The main apical cell (fig. 193 A, ac) is not very conspicuous 

^ P. sinuosa (Huds.) Kiitz. ; Delesseria sinuosa (Good. & Wood.) Lam. ((276) 
pi. 259). This has been repeatedly investigated; see (380) p. 67, (483) p. 193, 
(519) p. 189, (558) p. 467, (590) p. 1 13, (742) pp. 30, 51, (744) p. 65; cf. also (637). 
Several of the earlier accounts are not altogether accurate (cf. (380)). 
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and intercalary division (see the cells marked i) occurs both in the 
axial and other cell-rows. As in Apoglossum and Delesseria, it is always 
the lower cell formed by such division (2, j, 4 ; b, c) that retains 
the primary pit-connection with the lateral cell-row {siy s2, $3)^ 
while the upper cells give rise to accessory cell-rows {r in fig. 193 A). 



P'ig. 193. Phycodrys rubens (Huds.) Batt. A, apex of a frond in surface-view; 
j, 2, j, 4^ cells of axial strand; siy s2^ sj, apical cells of primary laterals; 
a, 6, c, d, etc., successive cells of primary laterals; cells formed by inter- 
calary division; r, cells of branches arising from these cells. Axial row and 
primary laterals shaded. B, longitudinal and C, transverse sections of midrib. 
D, germling. E, older stage, ac^ apical cell ; ax, axial thread ; W, wing of frond ; 
CO, cortex; d (in E), attaching disc; w, midrib; p, pericentrals ; rh, rhizoids; 
sp, secondary pit-connection. (D, E after Rosenvinge; the rest after Kylin.) 

The frequent intercalary division, with production of accessory 
laterals, makes the detailed structure of the fronds more difficult to 
decipher. 

The lobing of the fronds of Phycodrys (fig. 192 C) is due to outgrowth 
of primary laterals (cf. Membranoptera), while a similar activity on the 
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part of those of the second order results in the marginal pinnules on the 
lobes. There are obvious primary and secondary veins, while those of 
the third order are only evident under the microscope. The midribs and 
veins develop like those of Delesseriay but no hyphae are produced (fig. 
193 B, C). Branching takes place from the midrib and in older plants 
the fronds arise from a robust axis constituted by the primary midrib ; 
occasionally, however, a lobe of the blade develops vigorously and leads 
to a kind of forking. Wille ((744) p. 67) describes the development, from 
the base of the stalk (midrib), of thread-like runners giving rise at inter- 
vals to secondary fronds, many of which remain arrested. A prominent 
apical cell is also met with in Haraldia (203) in which the vegetative 
fronds are monos tromatic and without veins. 

In other Nitophylleae apical cells and the construction of the fronds 
from a coalescent branch-system are still more difficult to decipher. 
Most of the seaweeds in question were formerly grouped in Nito- 
phyllum, though many are now referred to distinct genera. All are 
characterised by marginal branching and the absence of a distinct 
midrib. In its present limits Nitophyllum {{2^2) p. 69, (396) p. 4) includes 
species with foliose thalli, in which the older parts consist of several 
layers, while the younger are single-layered; there is sometimes a short 
basal stalk, composed of small regularly arranged cells (fig. 194 F). 
Veins are either completely lacking — e.g. the widely distributed N, 
punctatum ((276) pi. 202) — or occur only at the base of the thallus {N. 
Bonnemaisonii Grev. (276) pi. 23). In the mature plant there are no 
evident apical cells (fig. 194 H), growth being effected by marginal, as 
well as by irregular intercalary, division just within the margin ((483) 
p. 184). In N. versicolor Harv. ((276) pi. 9) the tips and margins of the 
fronds often display curious thickenings which are suspected of playing 
a role in vegetative propagation ((329), (594) p. 228). 

In Polyneura (fig. 194 A; (12) p. 51, (382) p. 33) and Cryptopleura (fig. 
195 A; (12) p. 60, (382) p. 86) veins form an obvious anastomosing or 
palmate system in the older parts, while in the younger one-layered 
portions they are only recognisable under the microscope. Polyneura 
Gmelini (Grev.) Kyi. {Nitophyllum Gmelini Grev. (276) pi. 235) and 
Cryptopleura lacerata {N, laceratum Grev. (276) pi. 267) arc frequent. 
North Temperate, sublittoral forms. In the latter (fig. 195 B, C, 5) there 
are evident two-sided apical cells ((479) p. 562, (483) p. 203) which are 
also recognisable in the smaller lobes of Myriogramme ((382) p. 55), in 
which the older parts are several-layered. Younger and older apices of 
Polyneura are shown in fig. 194 B and C. 

Acrosorium ((382) p. 76, (488) p. 26), with delicate, richly lobed fronds 
(fig. 195 D),* possesses only microscopic veins. A, uncinatum (J. Ag.) 
Kyi. (Nitophyllum uncinatum (Turn.) J. Ag.) is widely distributed in 
warmer seas. The frequent A. reptans (Crouan) Kyi. (N. reptans 
Crouan), with completely prostrate fronds, is probably a stage of 
Cryptopleura lacerata ((89) p. 187, ( 153 ), ( 435 )). 

The early development of Delesseriaceae ((129) p. 500, (379) p. 21, 
(483) p. 185) differs somewhat from that of other Ceramiales. In 



Fig. 194. A-C, F, Polyneura latissima (Harv.) Kyi.; A, habit; B, C, apices 
of thallus-segments ; F, transverse section of stalk. D, E, G, H, Nitophyllum 
punctatum (Stackh.) Grev. ; D, E, early stages in development, 1-3 the suc- 
cessive septa; G, basal part of older germling; H, apex of mature thallus in 
surface-view. In B and C 2, j, etc., cells of the axial row; a, 6, c, etc. (small 
letters), cells of laterals of first order; f, cells formed by intercalary division, 
a, apical cells; /, adventitious fronds; r, rhizoids. (A after Nott; D, E, G 
after Nienburg; the rest after Kylin.) 
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Nitophyllum the broadened spore divides transversely (fig. 194 D, 
j-j) into a row of six cells, the two uppermost of which form the 
mature thallus, the top one functioning as an apical cell {a). The lower 
part of the germling develops into a mainly monostromatic expanse 
(fig. 194 G), which is attached by numerous rhizoids (r) and gives rise 
to adventitious fronds (/). The early stages are similar in Apoglossum 
ruscifolium{^H)y which is stated ((357) p. 256, (362) p. 445) to complete 
its whole development in a few weeks. According to Chemin the 
segmentation is in neither instance as regular as described by Nien- 



Fig. 195. A-C, Cryptopleura lacerata (Gmel.) Kiitz.; A, part of a frond, 
showing the veins; B, C, marginal parts of fronds. D, Acrosorium venulosum 
(Zanard.) Kyi., part of frond, r-j, cells of axial row; a-c, cells of primary 
laterals; f, cells formed by intercalary division; />, procarps; 5, apical cell; 
Vy veins. (All after Kylin.) 

burg. The apical cell of Nitophyllum soon ceases to function as the 
apex broadens and marginal growth sets in. 

The germling of Phycodrys ((558) pp. 466, 471) is like a young 
Nitophyllum y consisting of a one-layered expanse devoid of a midrib 
and showing plentiful intercalary division (fig. 193 D); the mature 
fronds (fig. 193 E, m) arise adventitiously from its stalk. The young 
plants of Delesseria sanguinea ((ssS) p. 478), on the other hand, have a 
distinct midrib, but at an early stage again produce adventitious 
fronds from the basal stalk. The discoid attachments of Delesseriaceae 
(fig. 193 E, d) consist of numerous, closely compacted multicellular 
rhizoids. 
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In spite of a certain gradation, the contrast presented by the ex- 
treme members of Delesserieae and Nitophylleae is evident from a 
comparison of Hypoglossum and Nitophyllum. Both, in their re- 
spective ways, appear highly specialised, and their relation to one 
another is not clear. A study of the early development in a wide range 
of forms might help to elucidate it.^ 

The Delesseriaceae also include several genera with a net-like 
thallus. That of Claudea ((z) p. 1272, (3), (s) p. (268), (270 p. 145, 
(508)) appears as a network with rectangular meshes and constituted 
by numerous narrow fronds, which are placed edgewise and perpen- 
dicular to one another (fig. 196 A) ; they have much the same structure 
as in Hypoglossum. The diverse parts of the reticulum originate by 
unilateral branching from the adaxial surface of the midrib of the next 
younger generation (fig. 196 B). The secondary fronds (^^J) arising 
from the primary one grow to a considerable length, while the tertiary 
ones (th) usually consist of only 5-8 segments and become joined at 
their tips {a) to the lower surface of the secondary blade {sb 2 ) im- 
mediately above. The secondary fronds thus form the long bars and 
the tertiary ones the perpendicular cross-bars of the net. 

The base of the primary frond soon becomes invested by a thick 
cortex and constitutes a stalk. The primary and secondary blades 
develop a cortex over their entire surface, while in the tertiary ones, 
except in fertile plants, only the midrib is corticated. Claudea differs 
from other Delesserieae in the fact that two pericentrals, situated one in 
front of the other (fig. 196 B, vpiy vp2), are cut off successively on the 
adaxial (ventral) side of the segments, the larger posterior one (vp2) 
growing out into a daughter-blade (tb). Between the apical cells (a) of 
the tertiary blades (tb) and the dorsal pericentrals (dp) of the secondary 
blade (sb 2 ) upon which they abut, secondary pit-connections (pi) are 
established; later other connections are formed. Enlargement of the 
cells results in increase in size of the meshes of the net (cf. the lower 
part of fig. 196 B), but growth of the primary and secondary blades 
terminates after they have reached a certain length. Occasional tertiary 
blades, however, develop vigorously and produce quaternary blades 
which become linked with the dorsal surface of the blade immediately 
above. This results in forking and, since secondary fronds develop also 
from surface-cells of the stalk, older plants may exhibit considerable 
branching (fig. 196 A). The nets are attached both basally and at other 
points by septate rhizoids. 

C. multifida is widely distributed in South India and Ceylon, while 
C. elegans Lamour. ((277) pi. I) is apparently confined to Australia. The 
sessile net-like thalli of Vanvoorstia ((2) p. 1268, (271) p. 144, (508) p. 31), 
recorded from various parts of the Indian Ocean and Japan, are formed 
in essentially the same way (cf. fig. 196 C), but more numerous branch- 
ings occur and all the fronds remain uncorticated. Papenfuss regards 

^ The affinity of Delesseriaceae with other Ceramiales is discussed on 
p. 720. 
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these genera as closely related to Caloglossa. A similar reticulate thallus 
is found in the Japanese Implicaria (299), but here the successive terete 
axes produce pinnately arranged branches. 



Fig. 196. A, B, Claudea multifida Harv. ; A, habit; B, optical median longi- 
tudinal section of a secondary blade {sbi) showing the origin of tertiary blades 
(th)y the fusion with the adjacent secondary blade (562) and the early stages in 
the formation of the interstices of the net. a, apical cells; r, axial cells of 
secondary blades; dpy dorsal pericentrals ; piy secondary pit-connection; 
s, segment; tb^ tertiary blades; vpiy vp2^ ventral pericentrals. C, Vanvoorstia 
spectabilis Harv., portion of thallus. (All after Papenfuss.) 

A different type of reticulate thallus is found among Nitophylleae 
in the genus MartensiUy species of which are known from South 
Africa, India, and Australia ((2) p. 825, (50) p. 348, (271) p. 145, (277) 
pi. 8, (663)). The lower, first formed, part of the thallus (fig. 197 B) is 
here a continuous expanse,^ which is sometimes stalked (fig. 197 C), 

^ The early development of the adventitious shoots, which arise from the 
basal parts of older plants, follows much the same sequence as in Nitophylleae ; 
the primary apical growth becomes altogether obscured as abundant inter- 
calary division sets in. 
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while the older part (fig. 197 A, C) is constituted by a network (w) of 
diverse width. The latter (fig. 197 E) consists of radiating lamellae 
(/), joined by numerous tangential connections (c). The lamellae 



Fig. 197. Martensia fragilis Harv. A, habit showing folded thallus. B, young 
plant. C, older stage, with net-formation commencing. D, edge of thallus 
in surface-view showing commencement of formation of longitudinal 
lamellae (/). E, the same at a later stage showing development of cross- 
connections (r). F, transverse (tangential) section in region of net. c, tan- 
gential cross-connections between the lamellae; /, lamellae; m, entire margin 
of thallus; net; sCy secondary connections. (All after Svedelius.) 

originate just behind the edge of the young thallus (fig. 197 D) by 
abundant and long-continued intercalary division of the intra- 
marginal cells and lateral separation of the rows (/) thus formed ; the 
marginal cells (w), however, remain in contact and divide to form the 
several-layered edge of the net (fig. 197 E, m). The cells of the sepa- 
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Fig. 198. A-O, Q, R, Polysiphoma; A, P. nigrescens (Huds.) Grev. ; B, C, 
H-M, P. violacea (Roth) Grev. ; D, F, P. variegata (C. Ag.) Zan. ; G, R, P. 
fastigiata (Roth) Grev.; N, O, P, Brodiaei Grev.; Q, P. spiralis Batten. 
A, habit; B, development of lateral of unlimited growth on trichoblast (^); 
iv, Vy viy branches; J, J, etc., cells of main axis of branch; C, older branch 
{hr) on trichoblast (/); D, apex showing curvature of branches; E, diagram 
to show branch-formation (in a Bostrychia); F, apical segmentation; G, trans- 
verse section showing developing tetrasporangium {te); H-M, transverse 
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rating rows within the margin divide parallel to the surface to produce 
vertical lamellae, which remain monostromatic, except at their edge$ 
(fig. 197 F, /). Cross-connections (fig. 197 E, c) are formed between 
adjacent lamellae by the outgrowth of processes which fuse and 
ultimately come to consist of several rows of cells (fig. 197 F, c). The 
cross-connections arise successively, the later-formed ones about 
midway between the earlier ones. The older nets often exhibit 
branching of the cross-connections, which may thus become linked 
with one another (fig. 197 F, sc). 

Net-formation may commence early (M. flabelliformis Harv.) or only 
at a later stage {M. fragiliSy M. denticulata Harv. ((277) pi. 127). In M. 
fragilis (fig. 197 A) the numerous lobes exhibit a cornet-like inrolling, 
while the entire portions of adjacent fronds become firmly joined by 
thick haptera so that compact cushions are formed. In M. denticulata 
and M. pavonia J. G. Ag. belts of compact and reticulate tissue 
alternate. 


(c) Rhodomelaceae 

The members of this large family, monographed by Falkenberg(i92), 
show a varied and in part complex morphology. All are characterised 
by the basic polysiphonous structure, as well as by the usual produc- 
tion of laterals of two different types (ordinary branches and tricho- 
blasts). Unicellular hairs are lacking ((558) p. 463). 

(i) Rhodomelaceae with Radial Construction 

Polysiphonieae and Lophothalieae. Polysiphoniay^ readily recognised 
by the arrangement of its cells in tiers, illustrates all the main features 
of the family. Brongniartella ^ is essentially similar. The dome-shaped 
apical cell (fig. 198 F, a) forms a single series of segments ; those which 
produce laterals (/) are larger than the others and are cut off by oblique 
walls.^ As in all Rhodomelaceae (cf. figs. 200 B ; 207 B), the initial of 
the lateral is cut off on the higher side before the segment divides 
longitudinally into central and pericentral cells (cf. fig. 198 I, in). 

^ See (25), (192) p. Ill, (350) p. 102, (473), (549), (558) p. 406, (750), (780). 

^ See (192) p. 542, (350) p. 106, (547) p. 22, (549) p. 33» (ss8) p. 445, (592) 

p. 217. 

® See (38), (192) p. 38, (380) p. 1 16, (399), (547) p. 10, (S 49 ), (556) p. 350, (710). 


sections through successive segments (i-b) showing sequence of formation 
of pericentrals (/)J, p2, p3y p 4) and of trichoblasts (m, iVy Vy etc.); N, trans- 
verse section of an old and O, of a younger thread; Q, small part of thread 
showing spirally twisted pericentrals; R, scheme of pericentral-formation. 
P, Brongniartella byssoides (Good. & Wood.) Schmitz, part of shoot-system. 
ay apical cell; 6 , basal cell of trichoblast; branches of unlimited growth; 
Cy axial cells; co, cortex; /ly, hyphae; /, segment which will form a lateral; 
w, cell of main axis; p, pericentrals; pi, pit-connections; r, trichoblasts. 
(A after Taylor; C after Boergesen; D, F after Berthold; E, G, P, R after 
Falkenberg; N, O after Rosenvinge; Q after Batten; the rest after Rosenberg.) 
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The laterals (fig. 198 H-M, here trichoblasts, cf. below) are 

formed in spiral succession (556, 607). According to Rosenvinge ((sso) 
p. 6) the nucleus moves to the side on which the lateral will arise be- 
fore the segment is separated from the apical cell, while the ingrowing 
septum originates on the opposite side. The laterals and parent-axes 
often exhibit temporary curvatures towards one another (fig. 198 D; 
(37) p. 623, <ig2) p. 43). 

The mode of formation of the pericentrals is distinctive of all 
Rhodomelaceae. They invariably develop successively (fig. 198 J-M, 
pi-p4\ R), the first one being cut off beneath the lateral, although 
there is commonly a subsequent displacement to the left in the direc- 
tion of the spiral (cf. fig. 198 L, M) so that the lateral appears above 
another pericentral or located between two of them. In segments, 
which produce no laterals, the first-formed pericentral occupies the 
same position as in the next upper segment bearing a lateral. The 
number of pericentrals varies between 4 and 20 and is usually con- 
stant, especially in species with few pericentrals. When there are four 
(P. violaceUy fig. 198 K-M ; P. elongata\ the second {p2) and third (/) j) 
are cut off on either side of the first, and the fourth {p4) on the side 
opposite to the lateral ; when they are more numerous, they develop 
in the sequence shown in fig. 198 R. 

The pericentrals of Polysiphonia and Brongniartella (fig. 198 P) 
occupy the whole length of the segment and are usually broader than 
the central cell (fig. 198 G, O), which shimmers through the enveloping 
“siphons’*. They are homologous with the primary cortical cells of 
Ceramium (p. 527) and represent potential branches; in Chondria 
(p. 556), in fact, they lengthen to form the elongate laterals composing 
the thallus. Primary pit-connections occur only between successive 
central cells and between the latter and their pericentrals (fig. 198 G, 
O, pi). Secondary connections (551) are later formed between over- 
lying pericentrals (cf. p. 449 and fig. 147 C) and in some species 
(P. elongata) several may develop ((558) pp. 416, 465). The central 
cells usually remain uninucleate. 

In many species the erect threads produce laterals of two kinds, 
viz. some which are polysiphonous like the parent axis and some 
which develop into branched, uniseriate structures of limited growth, 
usually deciduous at an early stage (fig. 198 B, C, t). The latter are the 
trichoblasts^ ((192) p. 62, (557) p. 440, (558) p. 462) found in many 
Rhodomelaceae. They are ordinarily composed of colourless cells 
containing small leucoplasts,^ but in Brongniartella (fig. 198 P) the 
cells of the long-lived trichoblasts (^) contain chromatophores and 

^ “Leaves’* of Falkenberg and others; “hair-shoots” (“Haartriebe”) of 
Oltmanns. 

^ Rosenvinge ((557) p. 446, (ss8) p. 463) records chromatophores of a light 
rose colour in the trichoblasts of individuals of Polysiphonia gathered in 
spring or from considerable depths. 
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play an important role in photosynthesis ((557) p. 469). Although 
many of the trichoblasts fulfil vegetative functions only, they usually 
bear the sex organs (p. 701), and in some species of Polysiphonia 
{P, urceolata (Lightf.) Grev. ; P. fastigiata) such fertile trichoblasts 
may be the only ones present ((557) p. 449). 

Apart from the first, each segment of the trichoblast generally 
produces a lateral (fig. 198 P) which often develops as vigorously as 
the part beyond, resulting in pseudo-dichotomous branching. In 
Polysiphonia and Brongniartella the trichoblasts are disposed in a 
spiral, which almost invariably turns to the left (fig. 198 H~L) and 
the first branch of the trichoblast (r in fig. 198 J) is always situated on 
the anodic side (i.e. to the right, cf. (549*550)). Trichoblasts are either 
distributed over considerable parts of the plant or restricted to certain 
regions. Their morphological status and function are considered 
below (p. 549). 

The ordinary polysiphonous branches either arise direct (fig. 198 
D, br) and in spiral succession from the parent-axis, replacing one of 
the trichoblasts when these are present, or they originate from the 
upper surface of the basal segment of a trichoblast. The former con- 
dition is seen in P. urceolata^ P. elongatUy P. nigrescens^ etc. In the 
basal segment of the branch the first pericentral is formed abaxially, 
above the first-formed one of the parent-segment, but the production 
of pericentrals is suppressed on the opposite side, where the branch- 
segment is in contact with the axis ((547) p. 1 1, (549) p. 25). The supra- 
basal segment, which bears no lateral, has the normal number of 
pericentrals with the same orientation. 

The origin of branches from trichoblasts ((hO p. 127, (350) p. 102, 
(549) p. 36, (557) p. 467) is more frequent. In Polysiphonia (P. decipiens, 
P. violacea^ P. Brodiaeiy etc.) they arise almost simultaneously with the 
parent-trichoblast (fig. 198 B, C, br)y whereas in Brongniartella (fig. 
198 P, br) they only develop when the latter is almost mature. In 
a Polysiphonia the basal segment of the few-celled trichoblast puts out 
a protrusion which is cut off by an oblique septum and becomes the 
apical cell of the branch. After this has undergone a number of 
divisions, the basal segment of the trichoblast (fig. 198 B, b) cuts off 
two pericentrals {ply p 2 ) abaxially, to right and left of the median 
line; sometimes a third pericentral is formed (P. Brodiaei (547) p. 18). 
Until the branch itself commences to form trichoblasts (fig. 198 B), 
the first pericentrals {pi) of its segments lie in a straight line with the 
first (left-hand) pericentral of the basal segment of the trichoblast. 
During the further development of the branch the upper part of the 
trichoblast becomes displaced so that the former appears as a direct 
outgrowth from the main axis. In origin the branch is, however, 
obviously a lateral outgrowth of the trichoblast-rudiment, and it 
cannot justifiably be interpreted as axillary (cf. (192) p. 65, (350) p. 100) 
to the trichoblast. 
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The normal acropetally formed branches are sometimes supple- 
mented by adventitious ones which originate from the basal cells of 
trichoblasts that have been shed ; this is the rule in P. violacea ((558) 
p. 424). Adventitious branches may also arise in this way in species 
in which the normal branches are not formed on the trichoblasts. 
Thus, according to Rosenvinge ((558) p. 416), the new shoots of P. 
elongata that appear in spring originate partly from the remains of the 
axes of the previous season and partly from the basal cells of their 
trichoblasts, and the same is recorded for P. nigrescens ((192) p. 130, 
(447), (549) p. 3). Rosenvinge suggests that the normal branch-forma- 
tion on trichoblasts has resulted from this tendency to form adven- 
titious branches upon them (cf. also (547) p. 16). 

In many Polysiphonias (P. urceolata^ P. nigrescens)^ as well as in 
Brongniartella^ some of the polysiphonous axes creep over the sub- 
stratum (C2S) p. 276, (192) p. 129, ( 357 ) p. 253, ( 549 ) p. 22 , (5S8) p. 407), tO 
which they are firmly anchored by thick -walled, often richly lobed, 
unicellular rhizoids arising from the peripheral cells (fig. 199 I, r). 
The creeping branches, which constitute a means of perennation ((353) 
p. 51), lack trichoblasts and are secondary in origin, arising endo- 
genously from the central cells at the base of the primary erect axis. 
They likewise branch endogenously, some of the branches remaining 
prostrate, while others grow erect ; erect shoots are also formed from 
the upturned tips of the creeping axes. The part of the branch within 
the parent-axis remains monosiphonous and pushes its way between 
the pericentrals without causing any disorganisation. The endogenous 
branching of the prostrate shoots contrasts with the exogenous origin 
of the laterals on the erect ones. Other species (P. elongata, P. 
violacea) lack this system of creeping threads and are merely attached 
by rhizoids emanating from the lower cells of the erect axes ; these 
sometimes combine to form a massive disc (fig. 199 J, r). 

In Brongniartella and some Polysiphonias (P. urceolata, P. fasti- 
giata) the pericentrals remain undivided, but in P. violacea for in- 
stance, as in many other Rhodomelaceae,^ they segment by periclinal 
and anticlinal walls (fig. 206 E) to form a parenchymatous cortex (co) 
of more or less numerous layers ((192) p- 30), whereby the original tier- 
like structure is obscured. The cells of successive layers generally 
decrease both in length and width and in the mature thallus the 
superficial layer may be small-celled (fig. 206 D, E). Such cortex- 
formation is actually equivalent to the production of branched cell- 
rows, as is evident from the disposition of the pit-connections. Over- 
lying cortical cells become connected by secondary pits ((558) p. 465). 

Cortication by means of septate threads is met with only in few 
Polysiphonias, In P. Brodiaei ((192) p. 34, (558) p. 431), where they 
originate from cells cut off in the lower angles of the pericentrals, they 

^ The process is described in detail by Ambronn ((15) p. 172) for Halopithys. 



Fig. 199. A-E, Polysiphonia fastigtata (Roth) Grev. ; A, plants on Asco- 
phyllum nodosum) B, lower part of a young plant; C, D, older stages; E, germ- 
ling. F, Bostrychia vaga Hook. & Harv., diagram of longitudinal section 
through two segments. G, Digenea simplex (Wulf.) Ag., habit. H, Bryo- 
thamnion triquetrum (Gmel.) Howe, part of a plant. I, Polysiphonia urceolata 
Grev., attachment system. J, P, elongata (Huds.) Harv., base of plant, 
ftr, branch; c, axial cells; co, cortex; e, erect axis of germling; hy^ hyphae; 
py pericentrals ; r, rhizoids. (A, I, J after Batten; B-E after Sauvageau; 
F after Falkenberg; G after Kutzing; H after Boergesen.) 
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combine to form a thick cortex (fig. 198 N, co); here there is also a 
formation of hyphae (hy) between the central and pericentral cells and 
such are likewise recorded in P. elongata ((192) p. 128, (549) p. 3) and 
P. violacea ((54) p. 87, (192) p. 1 16). 

The germlings of Polysiphonia ((129) p. 493, (173) p. 251, (379) p. 19, 
(558) p. 464, (695) p. II, (699) p. 152) and Brongniartella ((ns) p. 106, (129) 
p. 492, (558) p. 449) are of the usual type (fig. 199 E) ; formation of peri- 
centrals commences early, although a few of the basal cells commonly 
remain undivided. Older plants are attached by a number of basal 
rhizoids which unite to form a disc. 

Species of Polysiphonia are abundant on northern shores, both in the 
littoral and sublittoral regions. Frequent ecorticate species are P. 
urceolata ((276) pi. 167), with elongate tufts commonly epiphytic on 
Laminaria^ and P. fastigiata (fig. 199 A; (276) pi. 299), the dark reddish- 
brown tufts of which are found on Ascophyllum (702) and occasionally 
on Fucus ((142) p. 138, (568) p. 214); the former has 4, the latter from 
12-24 pericentrals. 

The germlings of P. Jastigiata are usually found within the pits, from 
which the branches of Ascophyllum originate ((25) p. 277, (280), (568) 
p. 219), and the primary rhizoid (fig. 199 B, E, r) penetrates into the 
medulla without causing any deformation. The pericentrals of the 
lowest tier produce short hyphae {hy) which grow into the thick mem- 
brane of the rhizoid and envelop the part external to the host, while at 
an early stage the central cell gives rise to one or two horizontal runners 
(fig. 199 B-D, br) which develop further rhizoids (r) providing for addi- 
tional anchorage. At these points other erect axes, producing secondary 
endogenous runners, may originate and, since this may be repeated 
again and again, P. fastigiata spreads over its host like a Rhizopus, All 
the rhizoids become corticated in the same way as the first. P. fastigiata 
is usually spoken of as a parasite but, although some of the host-cells 
are killed and the fucosan-content is diminished near the rhizoids, there 
is no evidence of actual absorption of nutriment. Rattray ((533) p. 212) 
has recorded its occurrence on stones. 

P. elongata ((276) pi. 292), a lithophyte reaching a length of 30 cm., 
is a widely distributed perennial corticate species with 4 pericentrals 
and abundant trichoblasts. Other frequent corticate forms are P. 
Brodiaei ((276) pi. 195) with 6-8, and P. nigrescens (fig. 198 A) with up 
to 20 pericentrals ((426) p. 108); the former favours rough water. The 
annual P. variegata ((276) pi. 155), with 6 pericentrals, often inhabits 
polluted water near estuaries, being abundant at Venice ((192) p. 119) 
and frequent on the roots of Mangroves ((50) p. 269). In P. spiralis ((25) 
p. 287) the 4 pericentrals are spirally twisted (fig. 198 Q) and the same 
feature is encountered ((558) p. 437) in the dark-coloured P. nigra 
(Huds.) Batt. (P. atrorubescens Grev. (276) pi. 172). 

Brongniartella byssoides {Polysiphonia byssoides (Good. & Wood.) 
Grev. (276) pi. 284), with 5-7 pericentrals and abundant distichous 
branching (fig. 198 P), occurs near low-tide level and in deeper water (i 15). 

In a number of southern PolysiphoniaSy all with 4 pericentrals (e.g. 
P. hystrix Hook, et Harv. (270) pi. 14), certain of the laterals are of limited 
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growth and alone bear trichoblasts ((192) p. 138). Such dwarf-shoots are 
also characteristic of Bryothamnion ((2) p. 846, (50) p. 282, (192) p. 172, 
(317) p. 222), the species of which inhabit the warmer Atlantic. Here 
most of the branches, which are produced on often reduced tricho- 
blasts, appear as short spine-like decurrent structures (fig. 199 H, hr). 
The principal axes possess a parenchymatous cortex. 

A greater departure from the normal type is seen in Digenea simplex 
((2) p. 845, (50) pp. 281, 469, (272) p. 30, pi. 13 D), which is widespread 
in warmer seas (fig. 199 G). A polysiphonous structure is only recog- 
nisable in the laterals of limited growth, while the thick cartilaginous 
axes exhibit a differentiation into medulla and cortex, stated to arise 
((192) p. 159, (288)) from the fusion of, and subsequent cell-division in, the 
basal parts of the laterals. 

Falkenbergia (( 47 ) p. i99» (so) p. 331, (54) p. i39> (^92) p. 688, (569) p. 19), 
a genus of doubtful position and possibly only a stage in the life-cycle 
of Asparagopsis (p. 627), is distinguished by the possession of vesicular 
cells and of only 3 pericentrals, as well as by the origin of the branches 
(fig. 219 G) from the middle of the youngest pericentral of a segment. 

The Lophothalieae, including, apart from Brongniartelluy the 
Australian genera Lophothalia ((192) p. 534, (592) p. 218) and Doxodasya 
((192) p. 538), as well as Murrayella ((50) p. 314, (192) p. 563, (527) p. 78, 
(592) p. 227) and the Antarctic Pteronia ((192) p. 560, (405) p. 54), re- 
semble Polysiphonia in their general radial construction. Murrayella 
periclados (Ag.) Schmitz (Bostrychia tuomeyi Harv. (272) p. 58) com- 
monly grows on the roots of mangroves ((48) p. 47). Several members 
of this tribe show features of special interest in relation to the morpho- 
logical status of the trichoblasts. The majority of the segments pro- 
duce unbranched, uniseriate laterals (fig. 200 B, C, ^), the few cells of 
which contain chromatophores ; some of the basal segments may be- 
come polysiphonous. In Lophothalia and Murrayella the occasional 
branches replace one of these laterals, but in Doxodasya bulbochaete 
(Harv.) Falkenb.^ and in Pteronia they arise from a basal segment of 
the latter. Lophothalia and Doxodasya exhibit cortication (cf. also 
fig. 200 A), the cortical threads in the latter partly arising from the 
basal cells of the uniseriate laterals. 

Schmitz regarded the uniseriate laterals of these genera as tricho- 
blasts. On the other hand, their tendency to become polysiphonous, 
the development of identical structures adventitiously in certain 
species of Lophothalia {L. verticillata)^ and the origin of cortical 
threads from them in Doxodasya — respects in which they differ from 
the trichoblasts of other Rhodomelaceae — led Falkenberg ((192) p. 66) 
rather to interpret them as arrested branches. Trichoblasts, which 
are no doubt structures modified for special functions, must be con- 
sidered to be homologous with the ordinary polysiphonous laterals of 

^ Dasya bulbochaete Harv. ((270) pi. 25). Schmitz (592) places Doxodasya 
as a subgenus of Lophothalia and, since the only essential difference lies in the 
method of branching, this is perhaps warranted. 
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a PolysiphomUy etc. Lophothalia and Doxodasya \vould then be 
generalised types in which the morphological differentiation between 
the two kinds of laterals is not yet fully established. The persistence 
of the trichoblasts, and the presence of chromatophores in their cells 
in many Lophothalieae,^ warrant our regarding the latter ((192) p. 700) 
as a primitive group among Rhodomelaceae ; Falkenberg derives the 
Polysiphonieae directly from them by way of Brongniartella. 

The origin of polysiphonous branches from the trichoblasts in 
Brongniartella y many PolysiphotiiaSy and other Rhodomelaceae is 
probably a secondary condition ((547) p. 1 5, (549)) which has perhaps 
been determined by nutritive relations. In view of the homology be- 
tween the two types of laterals and the tendency to transfer the seat of 



Fig. 200. A, Lophocladia trichoclados (C. Ag.) Schmitz, small part of a thread. 
B-D, Lophothalia verticillata (Harv.) Kiitz. ; B, apex of thallus showing the 
simple trichoblasts; C, older part with sporangia {sp)\ D, transverse section 
of a branch with sporangia, a^ apical cell ; hy^ cortical threads ; />, pericentrals ; 
ty trichoblasts. (A after Boergesen; the rest after Falkenberg.) 

development of laterals of unlimited growth to the basal cells of those 
of limited growth among the less specialised Florideae (cf. e.g. 
Batrachospermum)y there is nothing remarkable in this condition. The 
outgrowth, originating the polysiphonous branch, normally arises 
from the basal segment of the trichoblast, which only under these 
circumstances produces a lateral and only then develops a poly- 

^ This is also so in the West Indian Lophocladia trichoclados (Polysiphonia 
lophoclados Kiitz.; Dasya lophoclados Mont. (272) p. 65; Lophothalia tricho- 
clados J. Ag.), which is distinguished from other Lophothalieae by the endo- 
genous and adventitious origin of the polysiphonous branches (cf. (so) p. 302, 
(192) p. 552, (592) p. 222), although in other species some take the place of 
trichoblasts; cf. also Wrightiella (p. 746). 
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siphonous structure. The degree of specialisation renders the un- 
ravelling of the course of evolution difficult. 

Berthold’s view ((37) p. 677) that the trichoblasts constitute a pro- 
tection against intense illumination has not met with much support. 
Rosenvinge and others ((192) p. 70, (503) p. 390, (ss7) p. 448) are of the 
opinion that they aid in the absorption of nutriment and possibly also 
play a rdle in respiration. Functionally they no doubt replaqe the 
unicellular hairs of other Florideae, as to whose r6le the same dif- 
ferences of opinion exist (p. 450). Their frequent restriction to young 
parts, their common relation to branch-formation, and above all their 



Fig. 201. Bostrychia. A, B, tenella (Vahl) J. Ag., habit. B, B. scorpioides 
(Gmel.) Mont., apical part of thallus. C, B. Moritziana Ag. and D, B. 
Hookeri Harv., tips of branches showing rhizoid development. E, B. radicans 
Mont., part of a plant. /?, haptera. (A after Boergesen; B after Ambronn; 
C after Goebel; D, E after Falkenberg.) 

customary utilisation for the production of sexual organs, all speak in 
favour of Rosenvinge^s views. 

Bostrychieae and Rhodomeleae, Some modification of the Poly- 
siphonia-ty^ty combined with a marked dorsiventral tendency, is seen 
in Bostrydhia ((2) p. 851, (10) p. 63, (is) p. 193,^ (so) p. 300, (192) p. 504, 
(527) p. 4), the species of which favour brackish water. Several (e.g. 
B, tenelluy fig. 201 A ; B, Moritziana Ag.) are characteristic components 

^ As Helicothamnion scorpioides. The older name Amphibia is not in use, 
Bostrychia being a nomen conservandum. 


552 FLORIDEAE (VEGETATIVE SYSTEM) 

of the vegetation on the roots of the Mangrove-community in tropical 
estuaries ((48) p. 45, (684), (687) p. 653, (774)). B, scorpioides (hg. 201 B ; 
(276) pi. 48) is frequent in European salt-marshes ((96) pp. 352, 358, 
(97) p. 207, (loi) p. 191, (142) p. 78), while i5. rivularis Harv.^ ((272) p. 57) 
seems to occupy similar habitats in Atlantic North America (cf. (685) 
p. 375). B. Moritziana has been found ((248) p. 437)> associated with 
Podostemaceae, in cataracts of the Amakura (British Guiana) far 
above the estuarine region. 

Part of the thallus is usually prostrate, while the growing apices are 
commonly curved with the concavity towards the substratum (fig. 201 
E), being sometimes (J5. scorpioides , fig. 201 B) even spirally inrolled. 
The laterals, many of which are of limited growth, arise in two longi- 
tudinal rows, inserted on opposite sides of the axis in the erect B. 
calliptera Mont, and in B, tenella (fig. 201 A), but nearer to the dorsal 
line in most of the prostrate forms (e.g. B. radicans^ fig. 201 E); the 
degree of branching varies greatly. Trichoblasts are wanting. 

The number of pericentrals is 6-10 in the older parts, but usually 
dwindles to 4 in the younger (cf. fig. 201 B); in most species the final 
segments remain undivided. Bostrychia and its immediate allies are 
characterised by the fact that the pericentral cells undergo horizontal 
division, usually into 2 {B. scorpioides)^ but sometimes into 4-6 (e.g. 
B, Hookeri, B, vaga, fig. 199 F) cells; the lowest member of the row 
thus formed retains the pit-connection with the central cell. Subse- 
quently a parenchymatous cortex {co) is commonly produced, while 
cortication by threads is reported in B. calliptera. Attachment of the 
creeping axes is effected by haptera (fig. 201 E, /?), formed by out- 
growth of a group of cortical cells, usually opposite an erect branch.. 
Haptera also commonly develop at the ends of special unbranched 
laterals (fig. 201 A, h \ (248) p. 442) which become parenchymatous to 
the tips (fig. 201 C, D) and bend over towards the substratum. The 
early stages ((129) p. 495) resemble those of Polysiphonia. 

Horizontal division of the pericentrals is likewise seen in Rhodomela 
and Odonthalia (Rhodomeleae), two widely distributed perennial 
lithophytes found in the colder seas of the Northern Hemisphere; 
they also exhibit other signs of specialisation. In Rhodomela subfusca 
(Woodw.) C. Ag.2 ((276) pi. 264), with a richly branched filiform 
thallus, each segment of the apical cell produces either a trichoblast 
or an ordinary branch ((192) p. 593, (371) p. 36, (558) p. 451), the suc- 
cessive laterals lying on a spiral of about 1/4 which usually turns to the 
left (fig. 202 B), but occasionally to the right ((547) p. 28, (556) p. 360, 

^ Placed as a synonym of B. radicam Mont, by Post ((527) p. 13), while the 
B. rivularis of Australia ((277) pi. 176 B) is made the type of a new species, 
B, tenuis (Harv.) Post. 

2 R. virgata Kjellm. ((343) p. no) is regarded by Falkenberg ((192) p. 593 ) 
and Rosenvinge ((558) p. 453) as a deep-water form of R. subfusca, which is 
found between tide-levels (cf. however (369) p. 147)* 
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Fig. 202. A, H-J, Odonthalia dentata (L.) Lyngb. ; A, part of a thallus; 
H, diagram to show distichous branching (1-7 successive branches); I, apex 
of a branching thallus, the * marking places where pericentrals have divided 
horizontally; J, apex showing congenital fusion of laterals (1-3). B-G, 
Khodomela virgata B, apex of a growing shoot (1-3 successive 

laterals); C, formation of pericentrals; D, pericentral-formation complete, 
axial cell binucleate; E, F, development of cortex in transverse section; 
G, in longitudinal section (diagram), apical cell; bvy branch; c, axial cells; 
cOy cortex; dpy dorsal pericentrals; //>, lateral pericentrals; />, pericentrals; 
ply first-formed pericentral; vpy ventral pericentrals. (A after Taylor; H after 
Falkenberg; the rest after Kylin.) 
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(558) p. 455). The ultimate branches bear trichoblasts only. The 6-7 
pericentrals develop as in Polysiphonia (fig. 202 B, C), but there is no 
displacement. The trichoblasts, which are shed at an early stage, 
contain pigmented chromatophores and, unlike those of most 
Rhodomelaceae, do not bear the sex organs. Adventitious branches 
are occasionally formed from cells of the cortex. 

Each pericentral divides horizontally, the uppermost cell of the row 
here retaining the pit-connection with the central cell (fig. 202 G), 
while the lowest becomes linked by secondary connections ((192) 
p. 596) with the pericentrals of the underlying segment (fig. 147 I, J). 
The cells of the primary rows cut off (fig. 202 E, F) a number of cortical 
cells (co), each of which again divides horizontally (fig. 202 G, c 6 ). 
This process is repeated so that a little way behind the apex there is a 
6-7-layered cortex with small peripheral cells, and the polysiphonous 
structure is obscured. 

The radially organised fronds, which arise from a parenchymatous 
disc, develop mainly in winter and spring. Considerable portions of 
the plant perish in autumn, only a few of the main axes persisting; 
from them new shoots arise in the next season ((516) p. 292), in part 
from arrested rudiments formed in the previous year ((192) p. 594)* 
The young plants are erect ((ssS) p. 458). 

Odonthalia dentata^ ((192) p. 601, (276) pi. 34, (397) p. 6 , (558) p. 459, 
(742) p. 30, (744) p. 69), distinguished by its flattened, distichously 
branched fronds (fig. 202 A, H), forms no trichoblasts. Of the 4 peri- 
centrals, the 2 situated on the future flat faces of the fronds (fig. 202 I, 
Ip) almost immediately segment longitudinally (rarely transversely, as 
in the lower part of fig. 202 I), while the other 2 undergo a single 
horizontal division (see the places marked *). Tangential division, 
usually more rapid on one side (fig. 202 J), initiates the wings, while the 
products of the median pericentrals undergo less extensive division to 
form an, often faint, midrib. The lower parts of the laterals are con- 
genitally fused with their parent-axes (fig. 202 J and p. 560). 

Chondrieae and Laurencieae. All outward evidence of a poly- 
siphonous structure is lacking in certain Rhodomelaceae, in which 
nevertheless a study of the thallus-development behind the apex 
betrays the essential correspondence with Polysiphonia. This is well 
exemplified by Chondria and Laurencia. In the rather fleshy thalli of 
Chondria^ (fig. 203 A, B) the apical cell (fig. 203 D, a) is situated at 
the summit of a narrow cone, which in C. dasyphylla is lodged in a 
deep depression (fig. 203 F) ; this is lacking in C. tenuissima. The seg- 
ments are cut off by oblique walls along a 3/10 spiral and each forms 
a trichoblast (/) ; the 5 pericentrals (fig. 203 E) develop in the usual 
way. In the lower part of the apical cone there is a rapid enlargement 

^ Rhodomela dentata Lyngb. 

* See (192) p. 195, (349) p. 426, (350) p. 98, (387) p. 79, (692) p. 88. 
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Fig. 203. Chondria; E, C. coerulescens (Crouan) Falkenb. ; G, C. tenuissima 
(Good. & Wood.) C. Ag. ; the others C. dasyphylla (Woodw.) C. Ag. A, habit; 
B, young plant; C, small part of a longitudinal section immediately below the 
apical depression ; D, apical cone and part of apical depression in longitudinal 
section; E, part of a transverse section below the apical depression; F, half 
of apical part of a branch in longitudinal section ; G, germling, only the top 
of the rhizoid is shown. J, 2, j, 4 in C-F, laterals of successive orders; 
a, apical cell; bty basal segment of trichoblast; h, attaching organ; w, axial 
cells; py pericentrals ; ply first-formed pericentral; piy pit-connection; r, 
rhizoid; Sy surface-layer of thallus; spy sporangium; ty trichoblasts. (A after 
Taylor; B after Boergesen; C, D after Kylin; E, F after Falkenberg; G after 
Thuret.) 
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of the pericentrals (fig. 203 D, />), accompanied by formation of 
secondary pit-connections {pi). At its base the pericentrals undergo 
branching to the fourth degree (fig. 203 C, J-^), while they and their 
products exhibit marked radial elongation, so that there result alter- 
nating whorls of laterals (fig. 203 E, F) which are spatially separated 
by the enlargement of the central cells (m). The final ramifications 
produce the compact surface-layers {$). The apical depression of C. 
dasyphylla results from the great horizontal elongation (fig. 203 D) 
of the pericentrals (/) and of their primary branches (2) behind the 
apex. In the older parts there is marked dilation of the cells which 
come into lateral contact, with the formation of secondary pit- 
connections. 

The subapical structure of Chondria altogether conforms to the 
Batrachospermum-iyi^t^ (cf. fig. 203 E, F), while the progressive 
branching of the pericentrals clearly corresponds with the mode of 
production of the parenchymatous cortex in Polysiphonia^ except for 
the radial elongation and the spatial separation of the cells (cf. p. 546). 
Chondria and its allies thus serve to demonstrate the close relation 
between the polysiphonous condition of most Rhodomelaceae and the 
morphological construction of the primitive uniaxial Nemalionales.. 

The copiously branched trichoblasts of Chondria^ which form 
clusters at the tips (fig. 203 B, ^), are shed before they are carried out 
of the apical depression ; the elongate basal segment (fig. 203 F, hi), 
however, remains embedded amid the branching pericentrals. The 
branches of the thallus arise at the distal ends of these segments in 
essentially the same way as in Polysiphonia ((349) p. 427, (387) p. 84). 
The pericentrals of the second segment of the branch produce 
hyphae which penetrate into the parent-axis and strengthen the 
attachment. The early stages ((129) p. 497, (173) p. 249, (692) p. 92) 
resemble those of other Ceramiales (fig. 203 G). 

C. dasyphylla (fig. 203 A; Laurencia dasyphylla Grev. (276) pi. 152), 
common near low-water mark in the North Atlantic, is also recorded 
from the Mediterranean and the Arabian sea (S7). C. tenuissima 
{Laurencia tenuissima Grev. ((276) pi. 198) has a greater southward range 
and is more frequent in warmer seas. Both are annual lithophytes, 
attached by large holdfasts (fig. 203 B, h) formed by numerous rhizoids. 
C. crassicaulis Harv. (491 ) possesses short branches containing much 
starch and probably serving as organs of vegetative propagation. 
Acanthophora spicifera ((47) p. 201, (50) p. 259, (727) p. 347; A. Thierii 
Lamour. (272) p. 17; cf. also (192) p. 226), widespread in warmer seas, is 
characterised by its numerous short spinous branches (fig. 204 E) which 
arise from the trichoblasts. 


^ This is particularly well seen in the related southern genus Coeloclonium 
((192) p. 210) where the thalli are markedly inflated {Chondria opuntioides 
Harv. (277) pi. 198, (278) pi. 189). 
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The compact thallus of Laurencia ((192) p. 238, (380) p. 123, (387) 
p. 91)^ is solid throughout (fig. 204 A) and the basic structure 
is discernible only near the tips. The apex (fig. 204 A) is similar 



Fig. 204. A-D, F, Laurencia; A, L. obtusa (Huds.) Lamour. ; B, L. papillosa 
(Forsk.) Grev. ; C, D, F, L. pinnatifida (Gmel.) Lamour. A, longitudinal 
section of tip of thallus, with a lateral; B, apical cone in longitudinal section; 
C, new fronds (/) arising from last season’s growth (o); D, transverse section 
through apex showing disposition of trichoblasts (1-12); F, young plant. E, 
Acanthophora spicifera (Vahl) Boerges., small part of a shoot, a, apical cell; 
by basal disc; bty basal segment of trichoblast; tw, axial cells; />, pericentrals ; 
Sy segment; trichoblasts. (A after Falkenberg; B, D after Kylin; C, F after 
Rosenvinge; E after Boergesen.) 

to that of Chondritty but the apical cell (fig. 204 B, d) produces three 
rows of segments. All of these form richly branched deciduous 

^ Naegeli’s account ((47s) p. 220) is partly erroneous. The taxonomy of the 
genus is dealt with by Yamada (752). 
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trichoblasts which are arranged spirally (fig. 204 D, 1-12), The 
branches arise from the trichoblasts, in L* pinnatijida only from those 
situated on the flanks so that the branching is distichous (fig. 204 C). 
The bases of the older branches become embedded in the peripheral 
tissue of the axis. 

The wedge-shaped segments (fig. 204 B, s) of the apical cell {a) cut 
off on either side, beneath the trichoblast {t)y 2 pericentrals (p\ 3 accor- 
ding to (192) p. 239) and no more are produced (cf. Cystocloniuniy etc.). 
The cortex is formed in much the same way as in Chondriay but the 
central cells (m), which become transversely extended, are clearly dis- 
tinguishable only near the apex (fig. 204 A, m) and there is no appreci- 
able extension of the outer cells. During the abundant cell-division at 
the base of the apical depression the basal segments of the trichoblasts 
become drawn out into long and narrow threads (fig. 204 B, bt). The 
mature parts display little differentiation (fig. 204 A). The early de- 
velopment follows the usual course ((129) p. 498, (379) p. 20). 

L. pinnatifida ((276) pi. 55), a lithophyte frequently found in the lower 
part of the intertidal region, has pinnately branched cartilaginous thalli 
(fig. 204 C), with the larger branches often flattened. The fleshy and 
parenchymatous attaching disc is full of starch and produces a number 
of erect shoots (fig. 204 F), the basal parts of which commonly last for 
several seasons ((353) p. 52, (ssS) p. 404), the new season's growth being 
often readily distinguishable from the old (fig. 204 C). A similar condi- 
tion is reported in other species ((662) p. 212). In L. obtusuy an epiphyte 
with cylindrical thalli, more frequent in warmer seas, the branches of 
higher orders tend to appear whorled owing to the restriction of branch- 
formation to occasional groups of trichoblasts ((50) p. 247, (192) p. 247). 

(ii) Rhodomelaceae with Bilateral and Dorsiventral Construction 

A considerable number of Rhodomelaceae, while retaining the 
tier-like structure of a Polysiphoniay exhibit specialisation in the 
acquisition of bilateral or dorsiventral symmetry. Examples of this 
trend have already been seen in the bilateral habit of Odonthalia 
(p. 554) and the dorsiventral construction of many Bostrychias 
(p. 552), but these genera are closely allied to radially organised types. 
Among the Pterosiphonieae and Herposiphonieae, however, these 
tendencies become paramount and, combined with other special 
developments, culminate in a number of exceptional types. Neither 
light nor gravity appear to play a role in determining dorsiventrality 
within this family ((192) p. 81). 

Pterosiphonieae and Herposiphonieae, The species of Pterosiphonia 
((192) p. 261) are small forms favouring the warmer seas. The principal 
axes are prostrate (fig. 207 A, pr) and attached by rhizoids (r), but their 
younger parts become erect and show distichous branching, combined 
with a tendency to flattening so that a pinnate habit results. There are 
no trichoblasts. The branches (fig. 207 A; B, j, 2) arise from alternate 
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segments on the erect shoots, at wider intervals on the creeping ones ; 
these latter branches may at first be prostrate. Most species are 
devoid of a cortex. 

The branch-forming segments (fig. B, se) are markedly oblique, 
and the septum cutting off the initial (/) arises before there is any 



Fig. 205. A, Dipterosiphonia heteroclada (J. Ag.) Falkenb., habit. B, Herpo- 
siphonia tenella (C. Ag.) Falkenb., apex of thallus. C, E, H. secunda (C. Ag.) 
Falkenb. ; C, apex of thallus; E, apex of shoot of limited growth, with tricho- 
blasts it) and procarp (tr). D, Dipterosiphonia dendritica (Ag.) Falkenb., view 
of apex of thallus to show branching; above, transverse. section. F, G, dia- 
grams showing branching, accompanied by congenital fusion, a, apical cell; 
dy dorsal branches of limited growth; /, branches arising on the flanks; 
/, laterals; m, main axis; p, pericentral; spy sporangia; /r, trichogyne. (D after 
Boergesen; the rest after Falkenberg.) 

marked protrusion and in such a way that a considerable area of wall 
is common to the initial and the apical cell (fig. 205 F, /). The first 
septa in the initial abut on this common wall (fig. 205 G, 1 ) and, as a 
result, a number of the basal segments of the branches are con- 
genitally fused with the parent-axis (see * in fig. 207 B) ; in the region 
of fusion the lateral develops pericentrals only on the abaxial side 
((192) p, 58). The congenital fusion is more marked in P. complanata 
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Schmitz (Rytiphloea complanata Harv. (276) pi. 170) than in P. para- 
sitica {Polysiphonia parasitica Grev. (276) pi. 147) and, as in Odonthalia 
(cf. fig. 202 J), is in part responsible for the flattening of the fronds. 
The germlings ((129) p. 495) are like those of Polysiphonia. 

The dorsiventral organisation of the Herposiphonieae is exemplified 
by Herposiphonia, the species of which are small epiphytes of the 
warmer seas. In H. tenella {Polysiphonia tenella J. Ag. ; (is) p. 197, 
(so) p. 286, (192) p. 304, (245) p. 359, (474^)) the long axes are prostrate and 
attached by unicellular rhizoids, the apex in growing plants being 
coiled, with the convexity towards the substratum (fig. 205 B). The 
branches, one generally produced from each segment,^ arise in strict 
acropetal succession and stand in four rows (fig. 205 B, C). The two 
occupying the flanks (/) develop into prostrate long shoots, while 
those situated on the dorsal side {d) give rise to erect unbranched 
laterals of limited growth ; as a general rule three successive dwarf- 
shoots are followed by a long shoot situated on the same side as the 
last dwarf-shoot of the preceding segment (fig. 206 A), but occasional 
irregularities occur. The few trichoblasts are restricted to the apices 
of the dorsal laterals and as usual bear the sex organs (fig. 205 E, t). 
According to Goebel ((245) p. 361) vegetative reproduction takes place 
by the dying away of the older parts of the principal axes. Berthold 
((37) p. 581) has studied the light-orientation of this species. 

Dipterosiphonia ((so) p. 292, (192) p. 320), the species of which occur in 
warmer seas (several in Australasia), is essentially similar, but the pro- 
strate and often flattened fronds have straight apices (fig. 205 D). The 
laterals, which arise in pairs on alternate sides of the parent-axis (figs. 
205 D; 206 B), are entirely prostrate in D. dendritica (fig. 205 D; 
Polysiphonia dendritica C. Ag.) and other species. In the Australian 
D. heteroclada {Polysiphonia dendritica Harv. (274) p. 232) the dorsal 
laterals (fig. 205 A, d) take the form of more or less curved spines. 

The congenital fusion seen in Pterosiphonia is more pronounced in 
other Pterosiphonieae and in certain Herposiphonieae. A good 
example is furnished by Symphyocladia marchantioides^ ((192) p. 276), 
known only from New Zealand, in which the flat prostrate thallus 
(fig. 207 C) is composed of two layers of pericentrals (fig. 206 F, p) 
with an intervening row of central cells {c) ; the latter appear as veins 
traversing the thallus. The one-layered margin (fig. 207 E) is occupied 
by a row of initials and their segments. The former (7-5) belong to 
successive laterals, produced alternately to right and left from every 
second segment and congenitally fused throughout their length with 
their parent axis (cf. also fig. 206 C) ; the arrangement of the laterals 
is clear from the disposition of the branch veins. The lobes of the 
thallus are formed by outgrowth of laterals of the second order. The 

^ Naegeli’s account is erroneous in certain respects. In H. secunda only 
some of the segments bear branches (fig. 205 C). 

* Amansia ? marchantioides Harv. ((274) p. 223). 
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individual axes occasionally become free towards the end of their 
growth, their apical cells still cutting off a few segments, each of which 
produces a trichoblast. 

The Australian Pollexfenia pedicellata ((190), (192) p. 290, (270) pi. 5) 
has a similar habit (fig. 207 G). The growing margin (fig. 207 H) 
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Fig. 206. A, scheme of branching of Herposiphonia. B, the same of Diptero- 
siphonia. C, F, Symphyocladia marchantioides (Harv.) Falkenb. ; C, diagram 
illustrating branching and congenital fusion, 1-3 successive branches; 
F, transverse section of thallus. D, E, diagrams of cortex-formation in 
Rhodomelaceae ; D, transverse; E, longitudinal. apical cell; c, central cell; 
CO, cortex; d, dorsal laterals;/, laterals situated on the flanks; p, pericentrals. 
(All after Falkenberg.) 

resembles that of Symphyocladia^ although each segment produces 
a branch; there is the same congenital fusion. The veins of the 
thallus, again constituted by the central cells, show clearly the 
sequence of branching (fig. 207 F). Pollexfenia has 4, Symphyocladia 
6-8 pericentrals. Another variant on this type of construction is 
afforded by the handsome Dictymenia (cf. p. 746 and fig. 299 B). 

In Pollexfenia the laterals are arranged in four rows. Two, which are 
situated on the flanks (fig. 207 H, i-S), develop vigorously and join to 




562 FLORIDEAE (VEGETATIVE SYSTEM) 

form the flat thallus, while those arising on the dorsal and ventral sur- 
faces (s, s' in fig. 207 F, H), which are not included in the congenital 



Fig. 207. A, B, Pterosiphonia parasitica (Huds.) Falkenb.; A, habit; B, apical 
part of an erect shoot. C-E, Symphyocladia marchantioides (Harv.) Falkenb. ; 
C, habit; D, surface-view of part of thallus^ with fully developed pericentrals ; 

E, edge of thallus from the surface. F, G, H, Pollexfenia pedicellata Harv. ; 

F, diagram of thallus to illustrate mode of branching; G, habit, showing the 

fertile laterals (/) ; H, edge of thallus from the surface. 1, 2, 4^ 5, etc. in E 

and H, apical cells of successive congenitally fused laterals; a, apical cell; 
By erect frond; /, lateral; /), pericentral; />r, prostrate branches; r, rhizoid; 
Sy s' (in F and H), points of attachment of laterals standing perpendicular to 
general plane of branching; se, segment. (After Falkenberg.) 

fusion and may remain arrested for a time, appear as short poly- 
siphonous branches of the usual type ; they produce a richly branched 
trichoblast from each segment and bear the reproductive organs. In 
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P. crispata (Zanard.) Falkenb.^ ((192) p. 296) the dorsal iind ventral 
laterals are recognisable only near the growing margin, and the repro- 
ductive organs are borne on the free tips of the elsewhere fused 
branches. The prostrate part of the thallus of P. pedicellata is attached 
by massive haptera formed from the ventral pericentrals. 

While Symphyocladia and Pollexfenia to all intents and purposes 
exhibit the bilateral symmetry of the simpler Pterosiphonieae, Placo- 
phora ((2) p. 1137, (6) p. Ill, (190) p. 164, (192) p. 336, (247) p. 3), a 
parallel form among Herposiphonieae, shows a dorsiventral organisa- 
tion. The thallus of P. Binderi (fig. 208 A), an epiphyte on Codium 
reported from South Africa and Peru,^ agrees in its marginal growth 
and congenital fusion (fig. 208 B) with the corresponding forms among 
Herposiphonieae. Each segment produces a branch, and the laterals 
arise in pairs (7, 7 , 2, 2, etc.), alternately to the right and left (cf. 
Dipterosiphonia). The primary laterals first divide by walls parallel 
to the margin and the resulting segments (s) produce no branches, 
which as usual are formed as a result of later oblique septation. 
Occasional branches may sometimes project above the surface. The 
segments form 5 pericentrals (fig. 208 E), 2 on the ventral {vp) and 3 
on the dorsal surface (dp), some of the former growing out into elon- 
gate rhizoids. 

Amplisiphoniai^o^), a Californian lithophyte, has the same vegetative 
structure, though the thallus is appreciably larger, while the epiphytic 
Periphykon (728) has 4 dorsal and 2 ventral pericentrals, the former 
undergoing transverse division. 

The reproductive organs of Placophora are formed on tufts of free 
branches (cf. Pollexfenia crispata) which appear between the lobes of 
the thallus (fig. 208 A, r) ; those bearing sporangia (fig. 208 F) may con- 
sist of 30-50 segments with 8-9 pericentrals, while the sex organs arise 
on trichoblasts borne in a single dorsal row on the fertile branches. In 
Amplisiphonia tetrasporangia are formed in modified erect-growing 
marginal lobes of the thallus which possess 6 pericentrals. 

The germlings of Pollexfenia ((192) p. 290) and Placophora^ possess 
an erect, radially organised, polysiphonous axis (fig. 208 C, e), from 
the basal segments of which the flat thalli (m) arise ; in Placophora 
their origin is endogenous. The primary axis of 30-45 segments bears 
as its only branches a few apical trichoblasts. It can hardly be doubted 
that in Pterosiphonia, Symphyocladia, and other prostrate forms among 
Rhodomelaceae a similar origin of the prostrate shoots will be esta- 
blished. Despite the extreme modification which many of the genera 

^ Melanoseris crispata Zanard. ((764) p. 489). 

^ Probably more widely distributed in the Southern Hemisphere (see (727) 
p. 364). 

•These stages were described by Askenasy(2o) under the name of Rhodo- 
peltis Geyleri. 
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just considered exhibit, their early development shows that they are 
derivatives of erect-growing radially organised Po/j'5fp/ioww-like types. 
It may not be amiss to emphasise that Symphyocladia is essentially a 



Fig. 208. A-C, E, F, Placophora Binderi J. Ag. ; A, habit; B, edge of thallus 
in surface-view, j, 2 , etc. the paired congenitally fused laterals; C, young 
stage; E, transverse section of flat thallus; F, a group of sporangium-bearing 
branches. D, Polyzonia elegans Suhr, habit (view from ventral surface), 
a, apical cell; 6r, branch; c, central cells; dy exogenous laterals of limited 
growth ; dpy dorsal pericentrals ; erect axis of germling ; A, hapteron ; m, mature 
thalli arising from latter ; r, reproductive branches ; rh, rhizoids ; j, segment ; 
ty tetrasporangium ; vpy ventral pericentrals; Wy wing. (After Falkenberg.) 

PterosiphoniCy Placophora a Dipterosiphoniay modified by the extreme 
congenital fusion of the bilateral branch-systems. 

Polyzonieae. Considerable morphological specialisation, combined 



Fig. 209. A, B, Euzoniella adiantiformis (Decsne) Falkenb., small parts of 
plants with two laterals of limited growth, in B one with a cystocarp. 
C, Lophosiphonia cristata Falkenb., habit. D, F, Ophidocladus simpliciuscula 
(Crouan) Falkenb.; D, apex of thallus; F, habit. E, G, H, J, Euzoniella 
incisa (J. Ag.) Falkenb. ; E, view of part of a sterile plant from above ; G, trans- 
verse section of axis, diagrammatic; H, basal part of germling; J, part of 
branch-system, with sporangial laterals (stichidia). I, Stictothamnion cymato^ 
philum Boerges., habit. K, Ctenosiphonia hypnoides (Welw.)»Falkenb., apex 
of a lateral of limited growth, a, axial cell ; cy^ cystocarp ; </, dorsal shoots of 
limited growth; e, erect shoot; h, hapteron; /, laterals of limited growth; 
p, prostrate shoots; pa, primary axis; r, rhizoids; st, stichidium; t, tricho- 
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with dorsiventral organisation, is attained in a different way among 
the Polyzonieae ((igz) p. 359), most of which are inhabitants of the 
Southern Hemisphere, while several are peculiar to Australasia. 
A common feature is the endogenous origin of the branches of un- 
limited growth. Several of the extreme forms show resemblance to 
leafy liverworts. 

There are several creeping dorsiventral Rhodomelaceae which show 
points of contact with the Herposiphonieae, but resemble the Poly- 
zonieae in their endogenous branching. Examples are furnished by 
Lophosiphonia (fig. 209 C; (50) p. 294, ( ho ) p. 126, (192) p.495) (727) p. 3 b 7 )» 
Ctenosiphonia ((68) p. 67, (192) p. 485), Ophidocladus (fig. 209 F; (192) 
p. 488), and Stictothamnion (fig. 209 I; (54) p. 118). Most of these are 
inhabitants of the warmer parts of the Atlantic; Lophosiphonia ohscura 
(Ag.) Falkenb. {Polysiphonia ohscura J. Ag. (276) pi. 102 A) is known 
from the south coast of Britain and Ctenosiphonia hypnoides {Poly- 
siphonia hypnoides Welw.) is reported from Guernsey ((436) p. 20). The 
laterals of limited growth, for the most part unbranched, grow erect. 
They are sometimes borne in two rows on the flanks {Ctenosiphonia y 
fig. 209 K), but commonly in a single dorsal row {Ophidocladus simpli- 
ciuscula,^ fig. 209 D, F; Stictothamniony fig. 209 I); those of Sticto- 
thamnion {d) are fusiform. In Lophosiphonia long and dwarf shoots are 
not sharply differentiated (fig. 209 C) and some of them {p) bend down 
to the substratum. In Ophidocladus (fig. 209 D, F) shoots of unlimited 
growth (/) arise from opposite flanks of the same segment, although one 
or other often remains arrested. Trichoblasts (fig. 209 C, I, t) are 
usually confined to the tips of the erect laterals, those of Stictothamnion 
being unbranched. In Falkenhergiella ((401) p. 21) they are formed only 
on sexual plants. Although the exact affinities of these genera, which 
for convenience may be grouped as Lophosiphonieae, are difficult to 
assess, they help to emphasise the relationship between Herposiphonieae 
and Polyzonieae. 

Euzoniella ((hO p. 150, (192) pp. 73, 360, (408) p. 514) and Polyzonia 
((h) p. 75, (192) p. 388) comprise a number of small epiphytes of the 
Southern Hemisphere. Their creeping thallus arises exogenously 
from the erect primary axis (fig. 209 H, pa) which, in Polyzoniay is 
winged as a result of tangential division of opposite pericentrals. In 
both genera the prostrate laterals arise from the flanks of the creeping 
axes (figs. 208 D ; 209 E), those of limited growth {d) exogenously 
from every second segment, the later-formed long shoots (/) endo- 
genously (cf. (14)) from certain intervening segments. The disposition 
of the two kinds of laterals is much as in Dipterosiphonia (cf. especially 
Euzoniella incisay^ fig. 209 E). In Polyzonia (fig. 208 D) the long axes 
develop a ventral keel {w). 

The laterals of limited growth bear short branches on the dorsal 
side, and in Euzoniella adiantiformis these are congenitally fused to 

^ Polysiphonia simpliciuscula Crouan ((149) p. 157). 

^ Polyzonia incisa J. Ag. ; P. Sonderi Harv. ((277) pi. 42 A). 
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form leafy expanses (fig. 209 A, B). In Polyzonia elegans (fig. 208 D, 
(277) pi. 28), on the other hand, the foliose form of the dwarf-shoots 
{d) is due to the production of one-layered wings (w) by tangential 
division of the single ventral and of one of the two dorsal pericentrals ; 
the branches {br) appear as teeth along the margin. This epiphyte is 
attached by massive haptera (A), like those of Leveillea (cf. p. 568). 



Fig. 210. Cliftonaea'y A, C, D, C. pectinata Harv. ; B, E, C. Lamourouxii 
Harv. A, part of a plant, bearing a long lateral (/) ; B, ditto, the arrow pointing 
towards the apex ; C, apex of a long shoot ; D, view of part of a long shoot from 
the upper surface, the short shoots cut off a little way above their base; 
E, transverse section of a long shoot, a, apical cell ; c, central cell ; branches 
of limited growth; dw^ dorsal wings; /, branch of unlimited growth; p, peri- 
centrals; i, tetrasporangia ; wings. (After Falkenberg.) 

The ventral wing seen in Polyzonia is more markedly developed 
(fig. 210 A, E, w) in Cliftonaea ((6) p. 113, (192) p. 373), where the 
principal axes mostly grow erect and possess strongly inrolled apices 
(fig. 210 C). The laterals of limited growth (fig. 210 A, C, form two 
dorsal rows and, like those of Polyzonia^ possess only 3 pericentrals 
(fig. 210 D,/)), whereas the long branches with 6 pericentrals (fig. 210 
E,/)) arise on the flanks (fig. 210 A, /). The ventral wing (fig. 210 E, w) 
is produced by tangential division of the median pericentral, while 
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less Strongly developed dorsal wings {dzo), formed from the dorso- 
lateral pericentrals, link up the bases of the laterals of limited growth. 
In C. pectinata (fig. 210 A; (277) pi. 100) these wings are less pro- 
nounced than in C. Lamourouxii Harv. ((277) pi. 279), where the 
ventral pericentral of the short laterals likewise forms a wing (cf. 
Polyzonia elegans). In this species these laterals bear a row of dorsal 
trichoblasts, whilst in C. pectinata they are confined to the sexual 
shoots. Polyzonia and Cliftonaea, though presenting points of analogy 
with Dipterosiphonia, exhibit pronounced dorsiventrality in the de- 
velopment of the ventral wing. 

The most remarkable member of the Polyzonieae is Leveillea 
jungermannioides ((14) p. 76, (192) p. 392, (245) p. 363, (277) pi. 171), 
widely distributed in the Indian Ocean and recorded also from the 
Persian Gulf and Arabian Sea ((s7), (62) p. 132). Here the laterals of 
limited growth (fig. 21 1 A, 7 ), arising from the creeping axes (rr), take 
the form of delicate leaves ”, which are attached by a broad base and 
overlap one another by their posterior edges so that there is a marked 
resemblance to a Jungermanniaceous liverwort. The creeping shoots 
(fig. 21 1 D, cr) again arise exogenously from the erect primary axis 
(pa)^ which is winged like that of Polyzonia. The branches of the 
creeping axis (fig. 211 A, w) arise in pairs from the basal segments of 
two consecutive laterals of limited growth, ^ so that each later appears 
in the angle between the parent-axis and the front margin of the 
“leaf”; many remain undeveloped. They possess 7 pericentrals (fig. 
21 1 B), the two ventral ones forming a slight keel. 

The short laterals arise as cylindrical outgrowths (fig. 21 1 C, /) within 
the inrolled apices of the long shoots, as usual from alternate segments. 
They have 3 pericentrals (fig. 21 1 I, />), the dorsal first-formed one 
occupying the abaxial side of the rudiment. The foliar form results 
from active division of the ventral pericentrals, while the broad and 
oblique attachment is attained by division of the cells of the adjacent 
segments of the axis, although no continuous wing is formed. Occa- 
sionally the apices of these laterals remain cylindrical and produce a 
double row of dorsal trichoblasts. Attachment is effected by massive 
haptera (fig. 21 1 A, D, h), formed by the outgrowth of small cells cut 
off from the ventral pericentral (fig. 21 1 B, h) of two consecutive 
segments. 

Amansieae. A different type of dorsiventral development, often 
combined with wing-formation in the plane of branching, is seen in 
the Amansieae ((192) p. 402). The fronds here grow erect, which shows 
that dorsiventral organisation in Rhodomelaceae is not definitely 
linked with a creeping habit (cf. also Cliftonaea). The fronds usually 
arise in tufts from a common basal disc. The early development is 
not known for any representative of this group, but an erect poly- 
siphonous primary axis is to be suspected. Several genera of Aman- 
^ Ambronn and Goebel do not describe these features correctly. 




Fig. 21 1. A-D, I, Leveillea jungermannioides (Mart. & Her.) Harv. ; A, habit; 
B, transverse section of prostrate axis; C, apex of long shoot; D, early stage 
in development; I, transverse section of young “leaf**. E, F, Halopithys 
pinastroides (Gmel.) Kiitz. ; E, transverse section of apex of shoot (-r-5, peri- 
centrals); F, habit. G, H, Kutzingia canaliculata (Grev.) Bonder; G, trans- 
verse section of apex of axis ; H, apex of a shoot, a, apical cell ; c, central cells ; 
CTy prostrate axis; hy hapteron; /, laterals of limited growth'; la (in H), endo- 
genous laterals; Ipy lateral pericentrals ; />, pericentrals ; pa, primary axis; 
Sy secondary branch ; w, shoots of unlimited growth ; v, ventral side of thallus ; 
Wy part of lateral pericentral forming the wing. (After Falkenberg.) 


Rytiphloea tinctoria (fig. 212 K; (15) p. 180, (189), (192) p. 438; cf. also 
(6) p. 106) are, however, richly branched Atlantic and Mediterranean 
perennials. The axes, which are cylindrical (fig. 21 1 F) in the former, 

^ Rytiphloea pinastroides C. Ag. ((276) pi. 85). 
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but slightly flattened in the latter, have inrolled apices and bear a row 
of dorsal trichoblasts (fig. 21 1 E, /) on the younger parts. The two 
rows of endogenous laterals (/) are produced in pairs from two suc- 
cessive segments and form an acute angle with one another ; the first 
two secondary branches (s) in Halopithys arise close to the parent- 
axis. The older parts develop an extensive parenchymatous cortex. 

Like other Amansieae these two genera possess 5 pericentrals (fig. 

21 1 E), the two first formed (r, 2) lying on the convex (dorsal) side 
of the inrolled apex. A narrow two-layered wing is formed in 
Rytiphloea immediately behind the apex by division of the dorsal 
and dorso-lateral pericentrals (cf. fig. 212 F, G). Such a wing is more 
strongly developed in other Amansieae, as for instance in Amansia 
((6) p. 108, (192) p. 407), where the cells of the two layers alternate (fig. 

212 I, w) and those of adjacent segments become linked by secondary 
pit-connections. In A. multifida (fig. 212 B) the endogenous laterals 
(/) emerge in two alternating rows from between the two layers of the 
broad wings, the first segment of the lateral extending to the edge of 
the wing and producing only a dorsal and a ventral pericentral. The 
wings on these laterals lie in the same plane as those of the parent-axis 
and are continuous with the latter. In later stages exogenous ad- 
ventitious fronds arise irregularly along the median line of the main 
axis (14). A. multifida thus represents a further elaboration of the 
condition found in Rytiphloea^ and both differ essentially from 
Halopithys only in the development of wings. 

The mature plants of A, glomerata (fig. 212 A; (192) p. 416) present 
an appearance very different from that of A. multifida, A robust 
terete stalk (y) bears on one side a number of dense leafy rosettes (r), 
consisting of flattened branch-systems which are placed edgewise. 
These “ leaves ” have the same structure as the thallus of A, multifida, 
although with broader wings and shorter laterals. The young plant 
closely resembles one of these “leaves and from it the later ones 
arise exogenously, being homologous with the adventitious laterals 
of A. multifida. The rosettes are sympodia, each member of which 
arises adventitiously from the base of the preceding one. When a 
“leaf^* originates, the adjacent cells of the axis develop a cortex (fig. 
212 H, co), a process which advances basipetally and leads to the 
production of a thick rib {fig. 212 I, co) overlapping onto the wings. 
The peripheral parts of the latter slowly disorganise and in this way 
the terete stalk is formed. The two species of Amansia are widely 
distributed in warmer seas. 

Diverse other Amansieae show much the same structure as A. multi^ 
fida. In Lenormandia ((2) p. 1099, (192) p. 456, (270) pi. 2) the wing is one- 
layered owing to dovetailing of the two series of cells and there are no 
endogenous branches, secondary fronds (fig. 212 L, sf) arising exo- 
genously and adventitiously from the margin. L. marginata ((277) pi. 
235) and other species are known only from Australia. Osmundaria 
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prolifera Lamour. (Polyphacum proliferunt Ag. (192) p. 469, (277) pi. 188) 
is distinguished by the numerous small adventitious shoots covering the 
surfaces of the flat cartilaginous fronds. Kiitzingia (fig. 21 1 H; (192) 



F'ig. 212. A-I, Amansia; A, E-I, A. glomerata C. Ag. ; B-D, A. multifida 
Lamour. A, B, habits of the respective species ; C, young and D, older tricho- 
blasts; E-G, transverse sections at successive distances behind the apex, 
illustrating the mode of wing-development; H, I, two stages in formation of 
midrib. J, Vidalia volubilts (L.) J. Ag., habit. K, Rytiphloea tinctoria 
(Clements) C. Ag. L, Lenormandia marginata Hook, et Harv., with secondary 
fronds (sf). c, central cell; ro, cortex of midrib; cm, cuticle; h, hapteron; 
r, rosettes ; s, cylindrical axis ; t, trichoblast ; wing. (K after Ambronn ; the 
rest after Falkenberg.) 

p. 450, (270) pi. 9) differs from other Amansieae in the possession of 6 
pericentrals (fig. 21 1 G), the one-layered wing being formed by division 
of the lower part (tc) of the lateral pericentrals (Ip) and exhibiting cortex- 
formation at an early stage. The older parts develop a coarse midrib 
which remains as a stipe after the wings have worn away (cf. (277) pi. 
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232). The endogenous laterals (fig. 21 1 H, la) are opposite, but many 
of them remain rudimentary. 

Vidalia (fig. 212 J; (14), (79) p. 183, (192) p. 423) again has a similar 
structure, although more robust owing to the formation of a few- 
layered cortex. Here several of the basal segments of the laterals, which 
appear as teeth along the margin, are included within the wings of the 
parent-axis. The frequent spiral twisting (fig. 212 J) is caused by wing- 
formation taking place also on the embedded parts of the laterals. 
Branching of the fronds is either due to further development of certain 
laterals (F. spiralis L,sm[\our. = Epineuron spirale Harv. (270) pi. 9) or to 
adventitious branches (F. volubilis, fig. 212 J). The reproductive organs 
of the Australasian F. spiralis are formed on minute adventitious 
branches, while those of F. volubiliSy occurring in the warmer seas of the 
Northern Hemisphere, are developed on certain more vigorous endo- 
genous laterals. 

Like Halopithys and Rytiphloeay both Amansia and Vidalia develop 
near the inrolled apices a single dorsal row of richly branched tricho- 
blasts. It is characteristic of diverse species of the last three genera that, 
until the trichoblast is fully developed, the component cells remain 
small and constitute a compact pyriform group (fig. 212 C) enveloped 
by a “ cuticle’* {cu ) ; as the cells elongate, the latter is ruptured, though 
parts of it persist at the base (fig. 212 D, cu). 

{d) Dasyaceae 

The few filiform genera belonging to the Dasyaceae are essentially 
distinguished from the Rhodomelaceae by the sympodial branching 
of the principal axes ((so) p. 316, (192) p. 609, (350) p. 108, (547) p. 33, 
(592) p. 224). A lateral, arising either from the basal {DasyUy fig. 213 
F; Dasyopsis) or from the second or third {HeterosiphomUy fig. 214 D) 
segment of the previous generation, continues the growth of the axis, 
while the upper parts of the successive units of this sympodium 
(j, 2 y J, etc.) are deflected to one side and develop as branched 
uniseriate apparent laterals (pseudolaterals {pi) of Rosenberg) of 
limited growth ; although different in origin, the latter resemble the 
pigmented trichoblasts of certain Rhodomelaceae. In Dasya (fig. 213 
A, F) the pseudolaterals are spirally arranged, but in Dasyopsis (fig. 
214 A) and Heterosiphonia (fig. 214 D) they are distichous and the 
plants have a pinnate habit. The pseudolateral usually produces a 
branch adaxially from every second segment (fig. 214 D, br)y while in 
Dasya and Dasyopsis the laterals of the second order are abaxial ; all 
the branches of the pseudolateral lie approximately in the same plane. 

The sympodial axes (figs. 213 F ; 214 D, ^a) develop a polysiphonous 
structure throughout, while in Heterosiphonia the three basal seg- 
ments of the pseudolaterals likewise become polysiphonous.^ Dasya 
(fig. 213 E) and Dasyopsis possess 5 pericentrals, which develop in a 

^ According to Falkenberg ({192) p. 169) the basal segment may also be- 
come polysiphonous in Dasya. 




Fig. 213. Dosya. A-G, D. pedicellata Ag. ; A, habit; B, C, F, apices showing 
details of branching, the successive axes numbered in B and F; D, part of an 
older axis; E, transverse section; G, adventitious lateral. H-K, D. arbuscula 
(Dillw.) Ag., successive stages in development. Oy adventitious branches; 
Cy central cell; e, erect primary axis; hy cortical threads; pr, p2y etc., peri- 
centrals; ply pseudolaterals; r, rhizoid; sa, sympodial axis; thy beginning 
of mature thallus. (A after Taylor; B-E after Rosenberg; F, G after 
Falkenberg; H-K after Killian.) 
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sequence different from that of Rhodomelaceae (fig. 213 B, C), the 
first {pi) to one side of the pseudolateral, the second {p 2 ) just below 
it, the third (/> j) to the left of the second, and so on ; the fifth is small 
and sometimes suppressed. Heterosiphonia^ in which the number of 
pericentrals varies, on the other hand, for the most part develops them 
in the same way as in Rhodomelaceae. In H. Berkleyi Mont., a widely 
distributed Antarctic form, the larger axes are flattened owing to 
great enlargement of two opposite pericentrals. The branches of un- 
limited growth are for the most part (always in Heterosiphonia, fig. 214 
D, br) constituted by the first branch of a pseudolateral. Adventitious 
laterals, especially plentiful in Dasya arhuscula, originate from the 
upper ends of the pericentral cells (fig. 213 D, a) and sometimes also 
from the cortex (cf. below); they usually remain monosiphonous 
(fig. 213 G). 

In many species branched cortical threads, emerging from small cells 
cut off obliquely from the lower ends of the pericentrals (fig. 213 D, h) 
and linked by pit-connections both with one another and with the 
latter, give rise to a more or less thick cortex (figs. 213 E; 214 C, h)\ 
in Heterosiphonia (fig. 214 E, h) they grow both upwards and down- 
wards. Such threads also arise from the basal cells of the pseudolaterals 
and of the adventitious branches. In Dasyopsis ((547) p. 54) the mother- 
cells of the cortical threads become very large (fig. 214 B, C, h) and 
penetrate between the pericentrals so as to obscure the primary struc- 
ture. This accounts for the frequent denial ((192) pp. 37, 665, (726) p. 128) 
of the presence of pericentrals in this genus. 

The early development of Dasya ({129) p. 496, (173) p. 253, (339) p. 225, 
(694) p. 363, (695) p. 9) is essentially like that of Callithamnion (fig. 213 
H, I). Branching (fig. 213 J) sets in early, but both primary axis and 
branches remain uniseriate. The mature thallus (fig. 213 K, th) arises 
at a later stage from the original spore-body. 

The species of Dasyaceae are largely sublittoral forms which favour 
warmer seas, although a number are to be found in temperate waters. 
Dasya arbuscula ((276) pi. 224) is probably the most widely distributed 
British species, while the much larger D, pedicellata Ag. {D. elegans 
(Mart.) Ag. (272) p. 60) is found on the warmer Atlantic shores of 
Europe and North America, as well as in the West Indies and the 
Mediterranean. A common North European form is Heterosiphonia 
plumosa (Ellis) Batt. {Dasya coccinea Ag. (276) pi. 253; H. coccinea 
Falkenb.). Dasyopsis plumosa is known from the North Pacific. 

The Dasyaceae also include Dictyurus and Thuretia^ which possess 
reticulate thalli, comparable to those of Delesseriaceae (p. 539) ; the 
former is found in the warmer parts of the Atlantic and Indian 
Oceans, the latter in Australian seas. In Dictyurus ((i) p. 17, (so) 
P- 327, (192) p. 675) a creeping system gives rise to terete upright axes 
(about 5 cm. high in D. purpurascens\ each branch of which bears an 
elaborate sack-like network (fig. 215 A) in the form of a spiral veil. 
The basic structure is like that of other Dasyaceae. The sympodial 
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axes possess 4 pericentrals (fig. 215 D, m), two segments to each joint 
(cf. Heterosiphonia), and the pseudolaterals are distichously arranged 
(fig. 215 C, 1-6); they soon drop off on the lower parts of the erect 
axes (fig. 215 A, m) which become invested with a thick cortex. 



Fig. 214. A, C, Dasyopsis plumosa (Bail. & Harv.) Schmitz; A, habit; C, 
transverse section. B, D. plana (C. Ag.) Zanard., apex of a pseudolateral. 
D, Heterosiphonia Wurdemanni Bailey, apex of a shoot, the successive segments 
of the sympodium numbered. E, H. plumosa (Ellis) Batt., older part of a 
branch. branch; c, central cell; cy, cystocarp; cortical threads;)!), peri- 
centrals; ply pseudolaterals; sa^ sympodial axis. (C, E after Rosenberg; the 
others after Falkenberg.) 

In the region of the net each pseudolateral branches abundantly in 
the horizontal plane (fig. 215 C, pi) so as to occupy about half the 
circumference of the axis ; the first ramifications lead to the formation 
of four sympodial branch-systems (fig. 215 B, i-iv), their uniseriate 
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pseudolaterals tending to be pinnately disposed. Net-formation com- 
mences, before there is any wide separation of the individual branches 
(fig. 215 E), by the abundant outgrowth from the cells of adjacent 
threads of processes {p) which grow towards one another and fuse at 
their tips (/). Such connections are established not only between the 
diverse laterals of each sympodial branch-system, but also along the 
margins, where two such systems meet (i.e. in fig. 215 C between i 
and 2, 3 and etc. and, on the reverse side, between 2 and j, 4 and 5, 
etc.). The close spiral thus constituted (fig. 215 D) is drawn out as the 
axis stretches (cf. fig. 215 J), but, prior to this, the upwardly curved 
tips occupying the edge of each branch-system become connected 
with the under surface of the next higher coil of the spiral. The net- 
work thus encloses an uninterrupted spiral cavity. 

In Thuretia (fig. 215 F; (192) p. 668) there is only one segment to each 
joint of the sympodium and, in the principal axes, the polysiphonous 
structure is soon obscured by cortication (cf. Dasyopsis). In T. querci- 
folia (Dictyurus quercifolia J. Ag.) the lowest lateral of the distichous 
primary pseudolaterals (fig. 215 G, pi) gives rise to a secondary sym- 
podium bearing numerous uniseriate pseudolaterals (si) adaxially in two 
rows. Successive secondary sympodia follow closely upon one another 
so that their laterals project over those of the next youngest sympodium, 
with which connections are established at fairly regular intervals (fig. 
215 H,/) in the same way as in Dictyurus. The elaborate network thus 
constituted consists of two or more interconnected systems. Occasional 
secondary sympodia develop into the lobes of 4 he flat, rather spongy 
nets (fig. 215 F) of T. quercifolia ((277) pi. 40), which may reach a length 
of 20-25 cm. T. teres Harv. ((277) pi. 191) has cylindrical nets. 

Brief mention may be made of Halodictyon ((54) p. 140, (192) p. 692, 
(478) p. 392), a genus of uncertain position, with a number of species in 
warmer seas. The plants consist of^a branched network composed of 
cylindrical cells which are free at the margins (fig. 215 I); a poly- 
siphonous structure appears only in the fertile parts. The apex of the 
net is occupied by a small-celled meristem, the segments of which 
rapidly lengthen and separate, if. mirahile Zanard. ((762) pi. 5) occurs in 
the Mediterranean. 

The typical Dasyaceae have often been regarded ((192) pp. 681, 699, 
(339) p. 265, (387) p. 123) as the most primitive of the Rhodomelaceae, 
while Oltmanns ((502) p. 336) looks upon them as specialised (reduced) 
forms and seeks the origin of Rhodomelaceae among Antithamnion- 
like types. Rosenberg ((547) p. 83) concludes that the Dasyaceae have 
more in common with the Delesseriaceae than with the other two 
families of Ceramiales (cf. also p. 720). There is much that speaks in 
favour of Falkenberg’s view, since the great resemblance of the 
pseudolaterals to the pigmented trichoblasts of the less specialised 
Rhodomelaceae cannot be denied; moreover, the origin of poly- 
siphonous branches from the pseudolaterals recalls their development 



Fig. 215. A-E, J, Dictyurus purpurascens Bory; A, habit, part of the net re- 
moved at the base; B, young lateral sympodium, i-iv successive branch- 
systems; C, apex of axis showing distichous arrangement of pseuddlaterals 
(j-6); D, apex of axis from below, i-iv correspond to i-iv in B; E, emission 
of processes (/>) and formation of network; J, diagrarA to show mode of spiral 
union of lateral sympodia. F-H, Thuretia quercifolia Decsne; F, habit; 
G, diagram to show branching of primary pseudolaterals {pi) ; the two rows of 
secondary laterals {si) indicated by the light and dark shading, 1-6 the suc- 
cessive joints of the sympodial axis; H, basal part of older lateral sympodia, 
with carpogonium {cp). I, Halodictyon mirahile Zanard., part of net. a, apical 
cell; /(in E and H), point of fusion of processes (/>); /a, lateral axis; tw, axis; 
ply pseudolaterals; 5/, secondary laterals. (After Falkenberg.) 
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from the trichoblasts in many Rhodomelaceae. On the other hand, 
it is difficult to regard the sympodial structure of Dasyaceae as 
primitive, nor are any traces of it to be found in Rhodomelaceae. The 
facts indicate that the former constitute an independent evolutionary 
line from an ancestry, common with that of the other three families of 
Ceramiales. 


12. Parasitic Florideae 

The numerous epiphytic Florideae are for the most part only attached 
superficially to their substratum. A certain number, however, exhibit 
a more intimate relation, either in their restriction to definite hosts ” 
((226) p. 249, (618) p. 156) or in the possession of an endophytic attach- 
ing system, which penetrates more or less deeply into the substratum 
(701) and often causes some destruction of the adjacent cells; this is 
well exemplified by Polysiphoniafastigiata (p. 548). There is, however, 
little evidence of actual parasitism in such Florideae which are clearly 
well equipped for a holophytic existence, and the uptake of nutri- 
ment, if any, cannot be considerable. Tobler ((701) p. 85) points out 
that P. urceolata is found on parts of Laminaria^ where there is an 
accumulation of organic detritus, and takes this as an indication of 
saprophytism. 

Better instances of parasitism are afforded by those Florideae which 
are not only deeply anchored in their host, but also exhibit vegetative 
reduction as compared with their immediate allies. Examples are 
afforded by Ceratocolax (Phyllophoraceae), Ricardia and Janczewskia 
(Rhodomelaceae). Ceratocolax Hartzii ((157) p. 369, (425) p. no, (554) 
p. 34, (558) pp. 545, 608, (561) p. 29) forms branched pink-coloured 
tufts (fig. 216 A, B) on Phyllophora BrodiaeL The degree of penetra- 
tion of the host varies; sometimes the medulla is invaded and some 
of its cells killed, whilst in other instances (fig. 216 C) the parasite 
merely spreads beneath the ‘‘cuticle^’, sending haustoria into the 
walls of the underlying cells. Greater reduction is seen in Callocolax 
neglectus Schmitz (Callymeniaceae; (29) p. 316, (389) p. 31), which 
forms minute white growths on Callophyllis laciniata^ 

The mature individuals of Ricardia MontagneP ((54) p. 74, (171) 
p. 211, (S03) p. 484), a close ally of Laurencia upon which it is usually 
found, appear as elongate or pyriform, bright red, hollow vesicles 
(fig. 216 H) of about the size of a pin’s head; they have a several- 
layered wall and are anchored by an elongate rhizoid (r) which pene- 
trates deeply into the tissues of the host. The spores germinate ((339) 
p. 230, (387) p. 95) within the apical depression of the latter (cf. p. 557 

^ Chemin ((i«9) p. 437) suggests that Callocolax may merely be an abnormal 
development of the host-plant. 

* There is difference of opinion vi^hether the Californian R. saccata (J. Ag.) 
Kyi. is a distinct species (cf. (404) p. 43, (613) p. 60). Other parasitic Rhodo- 
melaceae are Pleurostichidium (292) and Sporoglossum ((405) p. 57). 
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Fig. 216. Parasitic Florideae. A-C, Ceratocolax Hartzii Rosenv. ; A, B, two 
types of growths on Phyllophora Brodiaei (h) ; C, section of tetrasporic plant. 
D-H, Ricardia saccata (J. Ag.) Kylin; D-G, early stages in development; 
H, considerably older stage. I, R. Montagnei Derb. & Sol., young germling 
in apical depression of Laurencia. J-L, Janczewskia verrucaeformis Solms- 
Laubach; J, vertical section of a young thallus; K, early stage in development 
of the parasite; L, habit, a (in D-G), apical cell of mature axis; 6r, branch; 
h, hosVy Jtty Janczewskia'y p, pericentrals ; r, rhizoids; sty stalk; t, trichoblasts. 
(A-C after Rosenvinge; D-H after Kylin; I after Killian; J, K after Falken- 
berg; L after Solms>Laubach.) 
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and fig. 216 I), and the germlings attain a certain size before the 
rhizoid (r) begins to pierce the underlying tissue. At the four-celled 
stage (fig. 216 D) a three-sided apical cell {a) is cut out on one side ol 
the top cell, the rest of which gives rise to a trichoblast [t). The under- 
lying cells form pericentrals (fig. 216 F,^) and produce the basal stalk 
(fig. 216 H, St), the lowest cells of which may grow out into rhizoids 
(r). The mature vesicle is formed by the apical cell, which divides like 
that of Laurencia (p. 558), each segment producing a trichoblast; 
secondary vesicles (fig. 216 H, br) may arise from the lower cells of the 
stalk. In cultures the germlings fail to develop beyond a certain stage, 
and this is regarded ((339) p. 23 1) as evidence of incapacity for a further 
autotrophic existence. A comparable degree of parasitism is exhibited 
by the Antarctic Colacodasya inconspicua (Reinsch) Schmitz ((192] 
p. 658, (405) p. 65) which is parasitic on species of Heterosiphonia.^ 

Most species oijanczewskia ((54) p. 71, (192) p. 255, (487) p. 83, (616) 
p. 8, (651), (727) p. 348)^ occur in temperate seas as minute cushions 
(fig. 216 L, Ja) on Chondria and Laurencia. The usual colour of 
J. verrucaeformis is pale yellow (cf. however (616) p. 8), and the indi- 
viduals are probably for the most part heterotrophic ; several species 
are practically white. The cushions consist of a number of short, more 
or less coalescent fronds (fig. 216 L; less markedly fused in J. tas- 
manica Falkenb.), having a similar structure (fig. 216 J) to those of 
Laurencia and arising from a system of endophytic filaments (fig. 216 
J, K, Ja), which are probably formed first; their cells are stated to be 
joined by pit-connections with those of the host. The latter does not 
appear to be weakened, although there is often a sharp bend at the 
point of attack. 

Gonimophyllum ((27), (382) p. 95, (405) p. 34, (487) p. 82, (619) p. 394, 
(638) p. 50), parasitic on Cryptopleura and other Nitophylleae, shows 
similar features. The minute, pale pink leaflets arise in tufts from the 
hypertrophied tissue of the host, within which lie the endophytic 
threads. Both here and in Janczewskia, although the capacity to pro- 
duce some photosynthetic pigment is not altogether lost, the usual 
pale colour, the minute size of the individuals, and the deep penetra- 
tion of the endophytic system, imply a considerable degree of para- 
sitism. In Polycoryne ((382) p. 62, (40s) p. 36, (619) p. 395, (638) p. 52), 
closely allied to its host {Myriogramme), the thallus is needle-like. 

A complete absence of photosynthetic pigments is found in 
Choreocolax and Harveyella ((656-8); see also (185), (424) p. 55), which 
appear to be cold-water forms of the Northern Hemisphere and are 
still of doubtful systematic position (p. 650). The cushions (fig. 217 
A, ch), which form the visible part of the parasite and which are about 
as big as a cystocarp of the host, are white or brownish when old. 

^ The Colacodasya described by McFadden (439) is, according to Kylin 
((404) p. 40), also one of the Rhodomelaceae and not a member of Dasyaceae. 

* Benzaitenia (761) shows similar features. 




Fig. 217. A, Choreocolax Polysiphoniae Reinsch i^ch) on Polysiphonia fastigiata. 
B, C, Harveyella mirahilis (Reinsch) Schmitz & Reinke, pit-connections {pi) 
between the cells of the parasite {h) and those of the host {ho). D, Cerato-‘ 
dictyon spongioides Zanard., transverse section of a branch; r, alga; sponge. 
E, Thamnoclonium Treubii van Bosse, longitudinal section of thaJlus ; <2, axial 
cells; c, cortex; /, isolated algal cells; /, lateral; w, moniliform chains formed 
by alga; matrix and spy spicules of sponge. (A after Sturch; B, C after 
Rosenvinge; D after Askenasy; E after Weber van Bosse.) 

The commonest species of Harveyella is H. mirahilis^ which is para- 
sitic on Rhodomela subfusca ; a second species, H. pachy derma (Reinsch) 


^ Choreocolax mirabilis Reinsch; C, albus Kuck. (356). For other literature, 
see (87) p. 292, (1 12), (538) p. 28, (558) p. 494. 
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parasitic on Gracilaria confervoides^ is referred by Sturch ((658) 
P- 599) to a distinct genus, Holmsella, owing to differences in reproduc- 
tion (p. 650). In both the endophytic filaments traverse the middle 
lamellae of the host (fig. 217 B, h) and their cells establish secondary 
pit-connections {pi) with those of the latter {ho), whilst in Choreocolax 
direct connection is made with the pits of the host. Actual penetration 
of the cells is infrequent ((657) p. 28). In Harveyella mirahilis the parts 
attacked hypertrophy and some of the resulting cells may become in- 
corporated in the tissue of the parasite ((356) p. 986). In Choreocolax the 
endophytic threads sometimes give rise to secondary cushions. 

These genera appear to be multiaxial, the medulla consisting of 
branching filaments, while the small peripheral cells of the cortex are 
arranged in rows. The cushions are covered by a gelatinous envelope 
which, in Holmsella pachyderma, is as thick as the cortex. Rosenvinge 
((558) p. 495) records probable leucoplasts in the cells of Harveyella. 

Little is known about the early development. The first growth in 
Choreocolax is stated to be external ((102) p. 5 1, (540p. 51), the endophytic 
filaments arising secondarily. Sturch ((657) p. 30), on the other hand, 
suggests that the spores of Holmsella obtain access to the interior of the 
host through the crevices left after the escape of its spores. According 
to Chemin ((112), (129) p. 443) the spores of Harveyella mirahilis, when 
allowed to germinate on glass slides, develop phycoerythrin and pro- 
duce a circular disc with radiating peripheral threads which are sup- 
posed to penetrate the host. This requires confirmation. 

The highest degree of parasitism is probably realised in forms like 
Colacopsis (fig. 299 E-G; (192) p. 531 ,^ (405) p. 61 , (599) p. 452 ) and 
Stromatocarpus ((192) p. 185 , (619) p. 395 ) (Rhodomelaceae), as well as 
Choreonema (Corallinaceae), in which the entire vegetative system is 
endophytic and the fructifying fronds alone appear above the surface 
of the host.^ Stromatocarpus is found on Polysiphonia virgata at the 
Cape. In both the Rhodomelaceous genera the polysiphonous repro- 
ductive shoots contrast markedly with the uniseriate endophytic 
threads. 

The vegetative parts of Choreonema Thureti ((455), (659) p. 53 ; 
Melobesia 'Phureti 'Thuv . & Born. (652) p. 54 , (692) p. 96 ; Endosiphonia 
Thureti Ardiss. (19) p. 451 ) are completely enclosed in the tissues of 
Corallinas in which no kind of deformation is produced. The presence 
of the parasite (fig. 161 B, c) becomes evident only when the super- 
ficial conceptacles are formed. The branched endophytic threads 
consist of elongate cells which cut off two or three small elements; 
these have been regarded as arrested branches or as comparable to 

^ Choreocolax pachyderma Reinsch. Wilson ((747); cf. also (619), (729) p. 143) 
records on Californian Gracilarias a parasite, Gracilariophila, which probably 
belongs here (cf. (185) p. 230). 

As Colaconema (cf. p. 424, footnote). 

® Cf. also Gelidocolax ((236) p. 340). 

* The lateral conceptacles figured by Harvey ((276) pi. 201) in Corallina 
squamata belong to Choreonema. 
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the cover-cells of Melobesia. In Melohesia deformans Solms-Laubach 
((652) p. 57; Chaetolithon deformans (Solms) Foslie), which attacks 
Southern species of Corallina, the infected segments become 
irregularly branched, and their tissue may proliferate to such an 
extent that only the apertures of the conceptacles of the parasite are 
left uncovered. 

It is noteworthy that, among the more definite instances of 
parasitism among Florideae, host and parasite usually belong to the 
same order, often indeed to the same family (cf. (618), (619)). This 
specialisation is striking in view of the usual growth of seaweeds in 
dense communities, where a diversity of hosts is available. The 
frequent close affinity between the two organisms perhaps also ac- 
counts for the slight degree of damage to the host, since there is no 
good evidence of any marked mortality as a result of the parasitic 
attack. 

Diverse instances are known of association between Florideae and 
sponges. One of the most striking is furnished by Ceratodictyon 
spongioides ((76s) ; Marchesettia spongioides Hauck (285), (287)), a member 
of Gracilariaceae found in deep water in the Mediterranean and in the 
Indian and Pacific Oceans. The terete branches of the cartilaginous 
thallus ((21) p. 40, (446), (599) p. 388) anastomose to form a network, which 
^is completely enclosed in the body of the sponge (Reniera fibulata O. 
Schm.); the latter also occupies the meshes (fig. 217 D, 5), the fructi- 
fying branches of the alga alone projecting beyond the surface. Although 
the sponge can lead an independent existence, there is so far no evidence 
that the seaweed can do so (cf, also (597) p. 145). 

Further examples are afforded by species of the Southern genus 
Thamnoclonium (Grateloupiaceae ; ( 6 ) p. 18, (95) p. 163, (599) p. 514, (725), 
(727) p. 250). In T. Treubii (fig. 217 E) the axes with their many short 
branches (/) are entirely overgrown by the sponge (^). The superficial 
cells of the alga here produce unicellular processes, giving rise at their 
tips to chains of rounded cells (m), the outermost of which become de- 
tached and enlarge within the matrix of the sponge (s); the detached 
cells (i) contain a large chromatophore and grains of starch, while their 
vacuole is often occupied by a crystalloid. 

Gall-like growths, which in part at least are possibly due to Bacteria 
(127, 589, 654), are not uncommon on certain red seaweeds. Such are the 
globular or irregular swellings, with or without pigment, found in 
Cystoclonium purpureum^ ((109) p. 445, (589)) and the spherical or hemi- 
spherical galls occurring on the older fronds of Ahnfeltia ((252) p. 132, 
(558) p. 560, (591) p. 39S) ; in the latter they consist of cortical tissue only, 
which undergoes progressive disorganisation from within outwards 
and, according to Chemin ((125) p. 343), Harvey ((276) pi. 288, fig. 3) 
shows such a gall in section. In Cystoclonium Rosenvinge ((558) p. 594) 

^ Choreocolax Cystoclonii Kyi. ((369) p. 127) may be identical with these 
growths ((558) p. 596). 
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found no Bacteria within the galls, but in Chondrus crispus (109), where 
they cause perforations in the fronds, Chemin ((127) p. 321) states that 
another French worker (92) has succeeded in preparing bacterial cul- 
tures from them and in causing gall-formation by inoculation with the 
latter or with an extract of the tumours. The galls of Rhodymenia 
palmata are due to Copepods (24). 

Chondrus is often attacked by the Pyrenomycete Didymosphaeria 
marina (Rostr.) Lind. (cf. also (768)). Diverse Chytridineae ((138) p. 39, 
(440) p. 76) and Phy corny cetes (783) have been reported on Florideae. 

13. Special Morphological and Biological Features 
(a) Light-reflecting Bodies 

Diverse Florideae, mainly inhabitants of warmer seas, show a blue or 
green iridescence ((36) p. 419, (37) p. 685, (187), (349), (444), (664)) when 
exposed to strong light, which is due to reflection of the shorter waves 
by bodies situated within the peripheral cells. The phenomenon is 
shown by Chondria caerulescens and certain other Ceramiales (species 
of Callithamnion^ Laurencia^ Nitophyllumy etc.), as well as by some 
Rhodymeniales (species of Champia (406) p. 303; Chylocladia and 
Gastroclonium) ; it is not recorded in the Northern species of the latter 
((558) p. 578). The bodies causing iridescence are usually situated in 
the vacuoles and often in the main consist of protein {Callithamnion, 
Delesseriaceae), although those of Laurencia are stated ((197) p- Si) 
to be of the nature of tannins. In bright light (fig. 218 B) the bodies 
in question (r) are apposed to the outer walls, while the chromato- 
phores (^) occupy the others; on transference to diflPuse light (fig. 
218 A) the relative positions are interchanged, the movement of the 
chromatophores being accompanied by amoeboid changes of shape. 

In Chondria caerulescens ((37) p. 693, (266) p. 280, (349) p. 433, (444)) the 
light-reflecting bodies (fig, 218 E, r) consist of aggregates of yellowish 
granules which are readily soluble in potash and slowly dissolve in fresh 
water. Those of Laurencia ((197) p. 81, (266) p. 283, (713) p. 488) appear as 
large spheres which are sometimes confluent. For the most part, how- 
ever, the bodies responsible for the reflection of the light are single, 
highly refractive masses, yellowish or milky white in colour and ex- 
hibiting a definite structure. Thus, in Chylocladia kaliformis ((37) p. 685) 
and Gastroclonium clavatum ((444) p. 662) they are lamellated, in the 
former with numerous small spherical bodies between the lamellae (cf. 
fig. 218 C). Berthold regarded the spheres as the actual reflectors. 

The light-reflecting bodies of Delesseriaceae ((187) p. 807) have a 
similar structure. In strong light they become more and more opaque 
owing to an increase in the quantity of the spheres ; in weaker light, on 
the other hand, the lamellate structure again becomes recognisable and 
by degrees the masses (fig. 218 B, r) break up into amoeboid portions 
which pass to the side walls (fig. 218 A). The spheres have been re- 
garded as photosynthetic products laid down in a proteinaceous ground- 
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mass. The iridescent bodies would, however, seem to be of diverse 
character and further study is necessary to elucidate their chemical 
nature (cf. also (197) p. 82). 

In Callithamnion ((197) p. 75, (444) p. 660) the globular iridescent 
bodies are usually several in number,' while in Seirospora ((197) p. 77) 
they are generally single ; in neither instance do they show any structure. 
Iridescence, due to granular contents in the subepidermal cells, is also 
recorded in Scinaia furcellata ((37) p. 697, (226) p. 379, (266) p. 287), 
while the strongly refractive spherical bodies in the surface-cells of 
Sphaerococcus coronopifolius and Plocamium coccineum ((251) p. 264) 
appear to fulfil a similar light-reflecting rdle. 



Fig. 2 i 8. Light-reflecting bodies. A, B, Nitophyllum sp. ; A, surface-cells in 
section in light of moderate intensity; B, cell in surface-view in strong light. 
C, Chylocladia reflexa Lenorm., cell from the surface in strong light. D, E, 
Chondria caerulescens (Crouan) Falkenb., cells in vertical section, D in 
moderate, E in. strong light, c, chromatophores ; r, light-reflecting bodies. 
(A, B after Faber; C after Berthold; D, E after Mangenot.) 

The possession of iridescent bodies has usually been regarded as 
ensuring protection against the injurious effects of strong insolation 
by partial reflection of the light. Several iridescent Mediterranean 
species are, however, inhabitants of grottoes and other shaded 
habitats ((197) p. 84) where such an explanation is inadequate. This 
suggests that the function of these bodies may vary. 

{b) Vesicular Cells 

Some Florideae bear, especially on the younger parts, small cells with 
a scanty protoplast and a prominent vacuole with highly refractive, 
homogeneous, and generally colourless contents. In certain species 
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these vesicular cells are rich in iodine (iodine-cells; “ioduques’* of 
Sauvageau (569) p. {32), the presence of which is shown by the blue 
colour assumed by starch-containing paper on contact with the sea- 
weeds in question ((53) p. 79, (544)). Such cells are coloured deep brown 
by cyanin^ which stains the ordinary cells blue. They are very charac- 



Fig. 219. Vesicular cells (after Kylin). A-C, Trailiella intricata (J. Ag.) Batt. 
D-G, Falkenhergia Hillebrandii (Born.) Falkenb. H-L, Antithamnion plumula 
Thur. a, apical cell ; 6r, branch ; c, chromatophore ; t , iodine-cell ; nucleus ; 
py pericentral; pit-connection ; /)r, cytoplasm; Vy vesicular cell; vUy vacuole. 

teristic of the Bonnemaisoniaceae (fig. 165 ly v ; (79) p. 179, (121) 
p. 39, (251), (372), (390), (570)) and are also met with in certain Ceramiales 
(Trailiellay fig. 219 B, C, i; Falkenhergia, fig. 219 E, F, i ) ; many of the 
species involved occur in Southern seas. 

The distribution of the vesicular cells has already been described 
in Bonnemaisonia asparagoides (p. 482), where they show a blue 
fluorescence when viewed in reflected light, and it appears to be 
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similar in Asparagopsis ((121) p. 39, (569) p. 14). Those of Trailiella 
intricata ((372) p. 4,^ (373) p. 89, (602) p. 213) are small triangular struc- 
tures situated at the top of each segment (fig. 219 B, C, f). In Falken- 
hergia ((385) p. 236; cf. also (569) p. 24) they are cut off on the upper 
side of the young pericentral (fig. 219 D, f), but, as the latter enlarges, 
they come to lie between it and the central cell (fig. 219 E, F, i) so 
that they were long regarded as vacuoles of the elongate pericentrals 
(/>); the vacuoles in the iodine-cells of Asparagopsis armata are 
similarly stated (208) to be actual cells. The tetraspores and germlings 
of Falkenbergia contain no iodine (495), although vesicular cells appear 
at an early stage. 

The iodine-cells contain an obvious nucleus (fig. 219 A, n), while a 
few chromatophores (c) may at first be present ((390), (602) p. 214). 
Sauvageau ((569) p. 31, (571), (573) p. 78, (574); cf. also (495)) was of the 
opinion that free iodine was contained in these cells, but the available 
evidence speaks for the presence of a compound ((116), (117) p. 139, (130), 
(385) p. 239, (388) p. 66). If material is placed in starch-solution with a 
little acetic or hydrochloric acid, the vesicular cells become surrounded 
by a blue halo, which is deeper in the presence of nitrites ((372) p. 4, (373) 
p. 90); this reaction is not obtained with young or old cells, nor at all 
times of the year (122), while in Bonnemaisonia it only appears if nitrites 
are present. The older vesicular cells collapse and liberate iodine with- 
out treatment with acid, which is believed ((15s) p. 66, (156) p. 266, (388) 
p. 73) to be due to oxidases. These occur in considerable quantity in 
certain Red Algae ((241), (242), (388) p. 77, (534)); for peroxidases see (773). 

The seaweeds under discussion contain considerable quantities of 
iodine (cf. also (344)), in Trailiella about 0-5% and in Bonnemaisonia 
asparagoides about 0-3% of the fresh weight, whereas the amount in 
other Rhodophyceae is much smaller ((388) p. 59). Kylin ((390) p. 219) 
is of the opinion that the ordinary cells contain alkali iodides, the 
presence of which is shown by the reddish needles appearing after 
treatment with cresyl blue ((385) p. 241, (388) p. 53, <443)), whereas the 
vesicular cells merely assume a greenish tint, ascribed to the liberation 
of free iodine. The function of these cells is still problematical, but there 
is some evidence that forms possessing them are avoided by animals ; 
moreover, the excretion of iodine on the collapse of the older cells may 
prevent colonisation by epiphytes (cf. (384) p. 281, (602) p. 217). 

Vesicular cells, which do not contain iodine, occur on the branchlets 
(figs. 185 B, ve; 219 H, v) of certain species of Antithamnion ((36) p. 516, 
(54) p. 53 ) (79) p. 181, (93) p. 373> (390) p. 222, (476) p. 64, (481), (569) p. 6, 
(6or), (602) p. 202, (739) p. 67). In the mature cell (fig. 219 L) the protoplast 
{pr) forms an apical cap, while the contents of the vacuole {va) are 
coloured blue by cresyl blue. The osmotic value is higher than that of 
the vegetative cells (40). Sauvageau ((572) p. 8) concluded that these cells 
contained free bromine (“ bromuques **), but this has been disputed 
((384) p. 277, (390) p. 225) by Kylin, according to whom ((388) p. 71, (400) 
p. 36) very little of this element is present. Similar vesicular cells are 
^ Under the name of Spermothamnion roseolum. 
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found in Platythamnion ((383) p. 51), in Antithamnionella ((572) p. 21), 
and in certain species of Ceramium (cf. (497) and p. 527), in one of which 
the storage of bromine has also been affirmed ((496); cf. however (384) 
p. 281). 

(r) Tendrils 

Diverse Florideae {Asparagopsis hamifera^^ fig. 220 E; Cystoclonium 
purpureum\ Hypnea musctformisy fig. 168 A, t\ Spyridia aculeata, 
fig. 188 C\ Laurencia virgata (612); Acrosorium uncinatum^ etc.) possess 
curved, sickle-shaped laterals which, after contact with another 
branch of the same or of a foreign alga, can form one or more firm 
coils around it after the manner of a tendril (cf. especially (485)). In 
these laterals the outer tissues are often more markedly developed on 
the convex face (fig. 220 H) and branches, which commonly remain 
rudimentary till contact is established, are for the most part confined 
to that side; in Hypnea (fig. 220 H) and Acrosorium uncinatum the 
cells on the two sides differ in size. The tendrils of Cystoclonium ((104) 
p. 220, (291) p. 372, (440) p. 69, (558) p. 591, (742) p. 33) are long thin 
twisted structures (fig. 220 F), which can form 4-5 coils around the 
support, but more usually the curved tips are thicker than the part 
below {Asparagopsis hamifera, fig. 220 E, t\ (121) p. 33, (26s) p. 108; 
Hypnea (48s) p. 240; Ceramium hypnaeoides (493)). The tendrils of 
Asparagopsis hamifera are laterals of limited growth and are richly 
stocked with reserve materials. 

In Hypnea ((48s) p. 244) and in Calliblepharis lanceolata ((104) p. 217, 
(no)), where certain of the long marginal proliferations act as tendrils, 
the tip curves after contact, thus decreasing the amplitude of the 
hook, while the apex resumes growth and forms a number of coils 
(fig. 220 D). Subsequently the cells on the inner surface elongate into 
attaching rhizoids (fig. 220 D, G, s), which are often thick-walled and 
commonly {Hypnea, Acrosorium) cohere in groups; the attaching 
system thus formed occupies all the surface-irregularities of the 
support. Nordhausen concluded that inrolling of the tendril and 
production of rhizoids is the result of a definite contact-stimulus. 
If a foreign alga is encircled, the latter exhibits no response, but when 
the tendril grasps another branch of the same alga both structures 
form rhizoids at the surface of contact and fusion ensues ((104) p. 218, 
(48s) p. 247). 

After contact the branches on the convex surface of the tendril 
develop and, in Acrosorium uncinatum, the hitherto small lobes upon 
them enlarge to normal dimensions ((485) p. 268). Subsequent rupture 
of the part behind probably often results in vegetative propagation ((488) 
p. 27). The large cells of Griffithsia ((428) p. 652) can put out rhizoids 
which, curving round other branches (fig. 185 H) or adjacent objects, 
give rise to new shoots which become detached. 

^ Also certain species of Bonnemaisonia (e.g. B, calif ornica Gardner (88) 
p. 1 81, (236) p. 335, (387) p. 22), but not B. asparagoides. 
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Fig. 220. A-C, Asparagopsis armata Harv. ; A, prostrate shoot, with recuived 
branches (b) and new fronds (w/); B, tip of a recurved branch; C, the same, 
with the superficial cells (s) growing out as rhizoids. E, A, hamifera (Hariot) 
Okam., tip of a shoot, with tendril (t). D, G, Callihlepharis lanceolata 
Batt. : D, tendril enclosing two branches (a) of Ahnfeltia plicata, in 
transverse section; G, region of contact between tendril (t) and another 
branch of Callihlepharis {ca). F, Cystoclonium purpureum (Huds.) Batt., two 
tendrils coiled around one another. H, Hypnea musciformis (Wulf.) Lamour., 
longitudinal section of tendril showing unequal development of tissue on the 
two surfaces, m, axial thread; me, medulla; ms^ meristematic cells; />, photo- 
synthetic tissue; f, tissue at surfaces of contact; t, tendrils. (A-C after 
Svedelius; D, F, G after Chemin; E after Taylor; H after Nordhausen.) 
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Recurved branches (fig. 220 A, 6), representing laterals of limited 
growth and aiding in secondary attachment and vegetative propagation, 
are found in Asparagopsis armatay although these structures are not 
capable of twining ((14O p. 149, (679) p. 10). After contact with a foreign 
body the cells at the tip grow out into long rhizoids (fig. 220 C) which 
form an adhesive disc (cf. Plocamiuniy p. 492). The lateral of unlimited 
growth, situated opposite the hook (fig. 220 A, w/), develops vigorously 
after contact, and this is often accompanied by detachment of the 
whole system. 

Fusions between branches of the same or of different species of Red 
Algae are not infrequent in forms lacking definite tendrils ((62) p. 114, 
(104) p. 214, (454), (700) p. 301). It is again associated with rhizoid- 
development, which is reciprocal only when parts of the same alga are 
concerned. Such phenomena have been reported in Calliblephnris 
ciliatay Lomentaria clavellosay species of Rhodymeniay Nitophyllum 
punctatuniy etc. 


{d) W ound-healing and Regeneration 

In Florideae possessing a compact thallus wounds are healed by 
active division of the uninjured cells to form a kind of callus ((367) p. 152, 
(451) p. 9). Decapitated plants of Polyides and Furcellaria ((170) p. 20) 
produce, from the medullary cells at the exposed surface, vertical threads 
which in part originate from the more deeply situated cells (cf. Fucales, 
p. 361) and give rise to a small-celled cortex. From such wound-tissues 
adventitious branches often arise. In Delesseriaceae ((75) p. 12, (337) 
p. 269, (367) p. 156) quite small pieces can proliferate from the midrib. 
According to Malkovsky ((441) p. 128) small fragments of Nitophyllum 
punctatum regenerate readily, new branches arising from the apical end 
and from uninjured marginal cells, whilst the basal end merely forms 
an extensive callus. 

Among Rhodomelaceae ((192) p. 74, (698)) damage to the apex results 
in outgrowth of the central cell into a new polysiphonous axis. Both 
in this family and in Ceramiaceae regeneration easily takes place from 
detached fragments which first produce rhizoids, usually from the basal 
end ((119) p. 9, (447), (697) p. 563, (730)); in Griffithsia ((326) p. 124, (428) 
p. 673) single cells can form a new plant. Polarity is in general well 
marked, although Schechter (576) records reversal in fragments of 
Griffithsia after 24 hours’ subjection to a moderate centrifugal force 
(cf. also (575)) ; diminished illumination ((697) p. 543) causes the apex 
of many Florideae to grow out into rhizoid-like threads. In Ceramium 
a new axis often arises from cortical cells. Damage to or death of 
intermediate cells in Bornetia ((696) p. 297), Griffithsia ((306), (428) p. 653) 
and other Ceramiaceae ((719) p. 247, (733) p. 132) is followed by out- 
growth of the adjacent ones to re-establish continuity. In Rhodochorton 
((279) p. 203) injury to a filament results in active division of the next 
intact cell. 

Repeated reference has been made in the foregoing pages (pp. 466, 
484, 588) to vegetative reproductiony which is effected in diverse ways, 
and it cannot be doubted that in many Red Algae this is a source of 
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prolific multiplication (119). Specialised propagules are known only in 
few Florideae; to the instances described later (see pp. 627, 655) may 
be added the SphacelariaAike propagules recorded in Polysiphonia 
furcellata Harv. ((65) p. 31 1). 

{e) Loose4ying Forms 

A considerable number of perennial Florideae {Polyides\ Gractlaria; 
Phyllophora (426) p. 86, ( 661 ) pp. 36, iii; Chondrus ( 688 ) p. 173; 
Gigartina ; Chondria ; Halopithys) are capable of surviving after detach- 
ment from the substratum (cf. also ( 5 ) p. 9). Sernov (610) records the 
occurrence of Phyllophora over an area of about 2000 square miles in 
the Black Sea. The majority of such loose-lying forms ((558) p. 609, (565) 
p. 43) occur in seas with a sandy or muddy bottom, like the Baltic (661) 
and Adriatic ( 579 ), where the salt-concentration is low and there is often 
some pollution. According to Schiller the loose-lying communities of 
the Adriatic are composed of species that show marked indifference to 
the composition of the water and are capable of withstanding a con- 
siderable range of illumination and temperature. 

The loose-lying communities originate from detached individuals 
which are transported to their destination by currents. Multiplication 
is effected by vegetative means, since most of the plants are sterile. 
As a general rule they are richly branched, while the foliose types tend 
to develop nari;ow segments. Sometimes they assume a globular 
aegagropilous form, as in Furcellaria fastigiata and Rytiphloea tinctoria 
((538) p. 26, (558) p. 171, ( 579 ) p. 77, (661) p. 130). Such balls are also 
recorded in Peyssonnelia polymorpha ((226) p. 208), as well as in Litho- 
phyllum and Lithothamnioriy cf. Lithophyllum expansum f. stictaeformis 
(Aresch.) Foslie ((226) p. 244; Melobesia agariciformis Aresch. (276) 
pi. 73), L. racemus (Lam.) Foslie {Lithothamnion crassum Phil. (526) 
p. 243) and Lithothamnion calcareum Aresch. (( 413 ); L. coralloides 
Crouan). 


B. THE PROCESSES OF REPRODUCTION 

I. The General Features of Reproduction 

The general course of the life-cycle has already been indicated (p. 413 ; 
see also i, p. 51). In the advanced Plorideae it exhibits complications 
which have no parallel in other classes. Most Florideae exhibit sexual 
reproduction, as was first established by Bornet and Thuret (67), who 
also gave a clear description of the organs involved; their epoch- 
making memoir gives a resume of earlier views (see also (672)). They 
recognised that the carposporangia, formed as a result of sexual fusion, 
frequently arose, not from the female organ itself, but from other 
cells — near at hand or remote — and they commented on the probable 
importance of these features in classification. Further confirmation 
was afforded by the work of Janczewski(326) and particularly by that 
of Schmitz (586), while Oltmanns ( 499 ) elucidated certain important 
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details of the post-fertilisation changes. The present century has seen 
progress along a diversity of lines, thanks especially to the many de- 
tailed researches of Kylin, Lewis, Phillips and Svedelius. 

Many Florideae possess distinct male and female plants, although 
several Nemalionales and Corallinaceae, for example, are monoecious 
(cf. (347) p. 236). Not uncommonly the male plants are smaller than 
the female ((347) p. 231) and they often perish altogether or almost 
entirely after liberation of the male cells. Their frequent ephemeral 
nature probably accounts for their rare discovery in diverse Florideae 
((676) p. 385). In Griffithsia Lewis ((430) p. 241) found groups of four 
plants with interwoven rhizoids, presumably the products of germina- 
tion of the four spores of a tetrasporangium ; two of these plants were 
male and two female, implying genotypic sex-determination. 

{a) The Female Organs 

The female organ or carpogonium ((586) p. 223) consists of a dilated 
basal portion (fig. 221 A, cp\ D) harbouring the female cell and a, 
usually narrow, elongate process (^), the trichogyne ((67) p. 141), which 
constitutes the receptive organ for the male cells and commonly has 
a very gelatinous membrane. The female protoplast, which contains 
some reserves, exhibits no contraction either before or after fertilisa- 
tion. In most Florideae the cytoplasm of the carpogonium is devoid 
of chromatophores, but in certain Nemalionales {Acrochaetiumy 
Nemaliony Batrachospermuniy etc.) these are present in the basal part 
and may even extend far into the trichogyne ((177) p. 446, (506) p. 1 10). 
The cytoplasm of the latter generally contains a nucleus (fig. 221 
C-E, tn\ cf. (347) p. 210), which is a sister of the female one (/). 
A trichogyne nucleus has not always been found (cf. e.g. (380) pp. 27, 
1 18), but its absence is difficult to prove conclusively since it usually 
degenerates at an early stage. It is probably a vestigial structure. 

In most Florideae the carpogonium terminates a short, often 3-4- 
celled, lateral ((387) p. 107), spoken of as the carpogonial branch (figs. 
221 A-C; 223 N, cb)\ the cell (su) from which this branch arises is 
termed the supporting cell (“Tragzelle''). In forms with a compact 
thallus the carpogonial branch usually arises from an internal cell 
(fig. 221 B), and it is the function of the trichogyne {t) to maintain 
connection with the external medium. Such carpogonial branches, 
however, often (e.g. Cystoclonium) arise near the growing tips from 
cells situated close to the surface, although as growth progresses the 
supporting cell becomes deeply embedded. In the less specialised 
forms the lower cells of the carpogonial branch often bear laterals 
(fig. 239 A, /), but these are lacking in Rhodymeniales, Ceramiales, 
and most Gigartinales. In some members of these orders the cells 
of the carpogonial branch contain several nuclei (figs. 223 N ; 254 A, 
«), and this may indicate arrested branch-formation ((389) p. 75). In 
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diverse Nemalionales the carpogonial branches are part of the normal 
branch-system, but in most Red Algae they constitute accessory 
laterals ((39) p. 10). The cells of the carpogonial branches are com- 
monly colourless. 



Fig. 221. Carpogonia of Florideae. A, Rhodomela virgata Kjellm. B, Plo- 
camium coccineum (Huds.) Lyngb. C, Dumontia incrassata Lamour. D, Poly- 
siphonia violacea (Roth) Grev. E, Scinaia furcellata (Turn.) Bivona. c, axial 
cell; cb^ carpogonial branch; cp, carpogonium; /, nucleus of female cell; 
A, hypogynous cells; /), pericentrals ; sterile cell; su^ supporting cell; 

t, trichogyne ; tw, trichogyne nucleus. (D after Yamanouchi ; E after Svedelius ; 
the rest after Kylin.) 


{b) The Male Organs 

The antheridia of Florideae ((5) p. 78, (258), (259) p. 175, (586) p. 222, 
(663) p. 71, (667), (756) p. 409) are spherical or oblong, unicellular 
structures, producing a single male cell or spermatium ((246) p. 80) 
from the entire contents. As a rule they arise in large numbers in 
close proximity to one another (fig. 222 B, a) so as to form white or 
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pale-coloured dots or patches (sori), visible to the naked eye.^ Several 
antheridia (figs. 222 D, j-4; 257 D), often 3, sometimes 2, 4, or 5, are 
produced successively from a common mother-cell {m) which is often 
elongate (fig. 222 H, J, m). The mother-cells, which usually ((258) 
p. 241) terminate short, often densely compacted, branch-systems 
(fig. 222 A, B, J) and are invariably uninucleate, commonly possess 
reduced chromatophores and are sometimes altogether colourless 
((663) p. 62). They often form a palisade-like layer, especially in the 
more compact types. In a few of the more primitive Florideae 
(e.g. Batrachospermum^ fig. 227 D) the mother-cells are not 
differentiated from the vegetative cells. 

As a general rule (fig. 222 E) the antheridia {a) first appear as pro- 
tuberances, which usually arise subterminally (fig. 222 J, a) and 
successively (fig. 222 D, 1-4) from different sides of the mother-cell 
(wi). As an antheridial protuberance develops, the nucleus shifts to 
the point of origin and enters into early prophase (fig. 222 F). After 
completion of mitosis one daughter-nucleus enters the antheridium 
(fig. 222 E, a), while the other again passes to the base of the mother- 
cell; there is difference of opinion whether the latter enters into a 
resting condition before it divides again, and this is perhaps a variable 
feature. The antheridium is cut off by an oblique annular ingrowth 
of the wall (fig. 222 G). In Martensia ((663) p. 64) and in certain other 
instances (cf. fig. 238 C), in which the antheridia {an) arise terminally 
and sometimes form short rows, the septum is transverse. Where, as 
in Chondrus crispus (fig. 222 J) and Furcellaria fastigiata (fig. 222 K), 
there is a thick cuticle (cm), the developing antheridia successively 
pierce the latter. 

The mature antheridium commonly possesses a thick wall which, 
according to Grubb ((258) p. 243), sometimes consists of three distinct 
layers — a narrow deeply staining outermost one, an intervening 
gelatinous layer which swells considerably at the time of spermatium- 
liberation, and a narrow, highly refractive innermost one. The 
nucleus is large (fig. 222 H, I), while the scanty cytoplasm is usually 
quite colourless, although in Batrachospermum ((165) p. 56, (506) p. 1 1 1, 
(582) p. 128) and Nemalion ((136) p. 333) it includes remains of chro- 
matophores, at least in early stages. The spermatium is liberated 
through a narrow apical split in the elastic wall (fig. 222 C). Several 
investigators (e.g. (605) p. 239, (756) p. 410) report that the spermatium 

^ Diverse earlier workers (Thuret, Buffham) speak of such aggregates as 
antheridia and of the individual male organs as spermatangia (cf. (192) p. 93), 
and the latter designation is retained by many recent writers (Svedelius, 
Kylin). It is certainly unwarranted to describe the whole complex of male 
organs by the name antheridium, while despite the reasons that have been 
urged for using the term spermatangium (cf. e.g. (663) p, 77), I agree with 
Oltmanns ((502) p. 361) that there is no case for a double terminology and 
that, as in other classes of Algae, the structure producing the male cells should 
be designated antheridium. 
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Fig. 222. Antheridia and antheridial development in Florideae. A, Helmin^ 
thocladia Calvadosii (Lamour.) Setch. B, Callithamnion corymbosum (Smith) 
C. Ag. C-G, Polysiphonia violacea (Roth) Grev. ; D seen from the surface; 
E-G, stages in formation of antheridia. H, I, Bonnemaisonia asparagoidet 
(Woodw.) Ag. J, Chondrus crispus (L.) Stackh. K, L, Furcellaria fastigiata 
(Huds.) Lamour. M, N, Ceramium rubrum (Huds.) C. Ag., seen from the 
surface, a, antheridia; aw, antheridial wall; co, cortex; cUy cuticle; m, mother- 
cell; w, nucleus; ^, spermatia; sa, secondary antheridia. The numerals in D 
and F indicate the order of development of the antheridia. (A after Kylin; 
B after Thuret & Bomet; E-G after Yamanouchi; H, I after Svedelius; the 
rest after Grubb.) 
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is constituted by the entire detached antheridium, but various state- 
ments of this kind have subsequently been disproved ((258) p. 214) and 
all are suspect; in the Corallinaceae (p. 649), however, there is at 
present no evidence of dehiscence of the antheridia. After production 
of the primary antheridia, the same mother-cell may form a secondary 
series (figs. 222 K ; 242 G, sa) by proliferation into the empty mem- 
branes of the first-formed ones. 

The nucleus of the free spermatium seems invariably to be in 
prophase (fig. 222 I, L), without an evident nuclear membrane and 
with a number of deeply staining chromatin granules united by 
delicate threads. That of the mature antheridium is also often in 
prophase, but there is considerable evidence that prior to this it has 
passed through a resting stage. The male nucleus remains in the 
prophase condition during its passage down the trichogyne. 

There is difference of opinion as to the presence (Falkenberg, 
Guignard, Grubb, Yamanouchi) or absence (Kylin, Schmitz, Svedelius) ^ 
of a membrane around the liberated spermatium, although it is gener- 
ally agreed that there is a delicate membrane in later stages, especially 
in spermatia adhering to trichogynes. Grubb ((258) p. 244 ; cf. also (259)) 
states that in certain species (e.g. Polysiphonia fastigiata) a membrane 
is recognisable around the spermatium before dehiscence of the anther- 
idium. The question is undecided, but the capacity for slight amoeboid 
change of shape exhibited by the spermatia of certain Florideae does 
not speak for the universal presence of a membrane. 

Svedelius ((674) p. 227; cf. also (347) p. 210), emphasising the resem- 
blance between an antheridial mother-cell after nuclear division has 
occurred (fig. 222 E) and a young carpogonium with its trichogyne 
(fig. 221 D), regards these two parts of the female organ as respectively 
homologous with the mother-cell and the antheridium. The frequent 
presence of a constriction, accompanied by thickening of the wall, at 
the’base of the trichogyne (cf. e.g. fig. 227 G), is regarded as indicating 
a former division into two cells. Schussnig ((604) p. 542, (605) p. 254, 
(606) p. 242) and Kylin ((389) p. 74), on the other hand, regard the entire 
carpogonium as homologous with an antheridium. This view is based 
on the occasional division of the antheridial nucleus (cf. below), whfie 
the usual prophase condition of the spermatium-nucleus is taken as 
indicative of a former division (cf. (258) p. 247). In Spermothamnion 
hermaphroditum replacement of the terminal cell of the procarp by an 
antheridium has been recorded ((326) p. 117). 

(c) Fertilisation 

The spermatia probably often have approximately the same specific 
gravity as the surrounding medium so that they remain floating for 
some considerable time. Their large numbers ensure contact with a 
trichogyne, the tip of which is evidently more or less mucilaginous. 

^ See (365) p. 32U (370 p. 57, (37S) p. 114, (376) p. 552, (380) p. 105, (586) 
p. 222, (594) p. 231, (667) p. 256. 
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In Phyllophora membrani folia ((562) p. 78) the spermatia perform slow 
gliding movements, similar to those reported for the carpospores and 
tetraspores of certain Florideae, and these are perhaps of wider 
occurrence. They will facilitate contact with trichogynes that do not 
project markedly or are embedded in mucilage (cf. also (586) p. 222). 
At the point of contact both the membrane of the spermatium and the 
wall of the trichogyne are dissolved (fig. 223 A, B), leaving an open 
passage for the nucleus of the male gamete. In later stages the 
spermatium-membrane appears empty (fig. 223 D, ^), but the fate of 
the male cytoplasm is uncertain. In Batrachospermum the emission 
of definite copulating processes by the spermatia has been recorded 
((165) pp. 57, 65, (582) p. 128). 

In Batrachospermum ((378) p. 158, (582) p. 128) and Nemalion ((136) 
p. 334, (377) p. 261, (748) p. 617) the spermatium-nucleus ordinarily 
divides after contact with the trichogyne, although only one nucleus 
fuses with the female. Among the more specialised Florideae no such 
division takes place ^ and its occurrence in these relatively primitive 
types suggests that the antheridium of Florideae may be derived from 
an organ producing more than one gamete (cf. p. 596); traces of 
division perhaps persist in the invariable prophase condition of the 
spermatial nucleus. 

Wille (746) first described in Nemalion the passage of the male 
nucleus to the basal part of the carpogonium (cf. fig. 233 B), the 
apposition of the two sex nuclei (fig. 223 A, H, w), and their fusion. 
The last process (fig. 223 F, G) has not often been observed ((4^) p. 12, 
(378) p. 158, (506) p. III, (756) p. 415, (757) p. 95), but indirect evidence 
of the production of a diploid fusion nucleus is considerable, and in 
a large proportion of Florideae fertilisation no doubt follows on 
contact of a spermatium with a trichogyne. As the male nucleus 
advances, the cytoplasm of the trichogyne not uncommonly shows 
signs of disorganisation, exhibiting numerous particles staining 
deeply with haematoxylin, whilst the part in front is still homo- 
geneous (cf. (680) p. 34). The female nucleus seems frequently to move 
a short distance upwards to meet the male ((499) p. 102, (74^), (756) 

p- 415)- 

At the moment of fusion (fig. 223 F) the male nucleus (w), in Poly- 
siphonia ((756) p. 415), consists of a dense aggregate of chromosomes, 
while the female (/) is in a resting condition (cf. also fig. 223 N and 
(668) fig. 16). In Batrachospermum ((378) p. 158) and Nemalion ((377) 
p. 266), on the other hand, both nuclei are in a resting condition. In 
Polysiphonia the membrane of the female nucleus dissolves at the point 
adjacent to the male chromosomes (fig. 223 G), after which chromo- 
somes differentiate in the female nucleus and the two sets mingle with 

^ Spermatia with two nuclei have been reported in species of Lithophyllum 
((558) p. 267), while Suneson (659) states that those of Corallinaceae exhibit 
later stages of nuclear division than are usual in other Florideae. 
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Fig. 223. Fertilisation in Florideae. A, B, Batrachospermum moniliforme 
Roth, post-fertilisation stages. C, Helminthora divaricata J. Ag., post- 
fertilisation. D-G, Polysiphonia violacea (Roth) Grev., successive stages in 
passage of male nucleus and nuclear fusion. H-M, Nemalion multifidum 
(Web. & Mohr) J. Ag., nuclear fusion and meiosis. N, Griffithsia corallina 
(Lightf.) Ag., passage of male to female nucleus, cby carpogonial branch; 
cpy carpogonium; driy diploid nucleus; /, female nucleus; hyy hypogynous 
cell; m, male nucleus; />, pyrenoid ; />/, pit-connection; Sy spermatium; sup- 
porting cell; ty trichogyne; tUy trichogyne nucleus. (D-G after Yamanouchi; 
the rest after Kylin.) 
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one another. The fusion nucleus then passes into prophase, its mem- 
brane disappears, and division commences. 

After penetration of the male nucleus the trichogyne becomes 
separated at its base from the rest of the carpogonium (fig. 223 A-C) ; 
this is commonly effected by progressive thickening of the membrane 
until complete closure occurs, although sometimes the channel seems 
to be blocked by a plug of membrane-substance ((599) p. 302). The 
trichogyne either persists for some time or rapidly withers. In 
Nemalion ((136) p. 337, (748) p. 618; cf. also (377) p. 261) the zygote is 
stated to become surrounded by a distinct membrane which serves 
to cut off the trichogyne, although the pit-connection with the 
hypogynous cell is maintained. 

(d) Postjertilisation Changes and the general 
Features of the Life-cycle 

In Nemalionales the first nuclear divisions within the fertilised carpo- 
gonium are meiotic (fig. 223 C, J, dn)^ but in most Florideae they are 
mitotic, reduction being postponed to the time of tetraspore-forma- 
tion. The fertilised carpogonium invariably puts forth one or more 
threads (fig. 227 H, g), the ultimate function of which is the produc- 
tion of asexual spores {carpospores), but the manner of formation of 
the latter varies in the different orders. In Nemalionales the haploid 
threads or gonimoblasts ((599) p. 303), arising from the carpogonium, 
produce the carpospores directly (figs. 227 K; 230 E, g). The threads 
in question are for the most part relatively short and well branched 
so as to form a dense cluster, and certain enlarged cells (often ter- 
minal), filled with cytoplasm and food-reserves, constitute carpo- 
sporangia (ca), from each of which a single naked carpospore is 
liberated. The latter gives rise to a plant which again bears sex organs 
so that in the life-cycle of Nemalionales the zygote constitutes the 
only diploid stage, while there are two haploid phases, the ordinary 
seaweed and the gonimoblast-threads originating from the zygote 
(cf. Coleochaete). Such Florideae have been designated haplobiontic 
by Svedelius ((671) p. 42; cf. also (511)).^ In several Nemalionales the 
sexual phase also bears sporangia forming accessory spores (i, p. 51), 
mostly monospores (p. 623). 

In the remaining Florideae the threads, arising from the fertilised 
carpogonium, contain diploid nuclei and are formed singly or in small 
numbers (fig. 224 A, Gy co). They grow towards and establish contact 
with certain cells (a),^ which are situated near at hand or at a more or 
less considerable distance and are often specially differentiated by 
size or rich contents; in certain orders these auxiliary cells ((586) 
p. 229) are clearly recognisable before the threads from the carpo- 

^ Regarding the frequent incorrect use of this term, see (678) p. 39. 

* The Gelidiales show special features (see p. 628). 
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Fig. 224. Post-fertilisation changes in diplobiontic Florideae (diagrammatic). 
A-D, Acrosymphytum purpuriferum (J. Ag.) Kyi. E, F, Callithamnion corym- 
bosum (Smith) C. Ag. G, Platoma Bairdii (Farl.) Kuck. a, auxiliary cell; 
am, auxiliary mother-cell; cb, carpogonial branch; co, connecting filament or 
cell; cp, carpogonium; dn, diploid nucleus; g, gonimoblast; gi, gonimoblast 
initial; hn, haploid (auxiliary cell) nucleus; /, lateral; m, axial cell; w, nutritive 
cell; t, trichogyne. (G after Kuckuck; the rest after Oltmanns.) 
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gonia reach them. When auxiliary cells and carpogonia form parts of 
the same branch-system (figs. 237 F; 256 B), the aggregate is spoken 
of as a procarp. The threads that establish contact with the auxiliary 
cells are spoken of as connecting filaments^ (“ Verbindungsfaden*^ of 
Berthold ((39) p. 10), a term that is specially appropriate in diverse 
Cryptonemiales {Acrosymphytum^ fig. 224 A) and Gigartinales 
{Platoma, fig. 224 G), in which the auxiliary cells (a) are widely 
separated from the carpogonia {cp) so that the connecting filaments 
{co) are of considerable length. In the more specialised Florideae 
(e.g. Ceramiales), however, the connecting filaments are extremely 
short, being represented merely by a small cell (fig. 224 E, co). 

At the point of contact (fig. 224 B, left-hand side of E) the mem- 
branes dissolve and communication is established between the cell of 
the connecting filament {co) and the auxiliary cell {a). Oltmanns (199) 
showed that this fusion is purely cytoplasmic and that the nuclei of 
connecting cell (diploid, dn) and auxiliary cell (haploid, hn) not only 
fail to fuse, but usually remain far apart. The fusion with the auxiliary 
cell, however, affords a stimulus, since division of the nucleus of the 
connecting cell (fig. 224 D, t/n; also often of the auxiliary cell, cf. (499) 
p. 107) ensues, and it is at these points that gonimoblast-filaments 
(fig. 224 G, g) arise and that carpospores are produced.^ Among the 
less specialised types the same connecting filament may fuse suc- 
cessively with a number of auxiliary cells (fig. 224 A, .G) resulting in 
several centres of carpospore-formation, but in the higher Florideae 
there is fusion with only one auxiliary cell and, since there is often but 
a single connecting filament, only one group of gonimoblasts results 
from the act of sexual fusion. 

In a few instances (cf. fig. 224 C and p. 641) the gonimoblasts arise 
from the connecting filament, but mostly the two diploid nuclei of the 
latter actually pass into the auxiliary cell (fig. 224 F). While its nucleus 
{hn) and one of the nuclei from the connecting cell disorganise, it is 
from the auxiliary cell itself with the other diploid (foreign) nucleus 
that the gonimoblasts are produced. One can speak here of a carpo- 
sporophyte ((133) p. 331), but, since the gonimoblasts of these forms 
are obviously homologous with the haploid ones of Nemalionales, the 
term is not a generally useful one. 

The auxiliary cells ((398) p. 141) are sometimes modified cells of a 
lateral branch-system composing the thallus (e.g. Platoma, fig. 224 G, 
a), but more usually they are, like the carpogonia, situated on accessory 
branches {Acrosymphytum^ fig. 224 A). Although commonly dif- 

^ At one time also called ooblastema filaments. Oltmanns ((499) p. 102, 
(502) p. 386) speaks of them as sporogenous threads, a term also used by Kylin 
in his earlier papers. 

® In certain Florideae the connecting filaments first fuse with cells re- 
sembling auxiliary cells, but these nutritive cells (fig. 224 A, n) do not provide 
a stimulus for carpospiore-formation (cf. p. 635). Comparable phenomena 
occur in some Nemalionales (p. 614). 
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ferentiated already prior to fertilisation, in many Rhodymeniales (fig. 
267 A) they remain inconspicuous until sexual fusion has occurred, 
while in Ceramiales (figs. 270 A; 273 A) their formation is deferred 
until after fertilisation. In these orders the auxiliary cells are closely 
associated with the carpogonial branch. The nature of the auxiliary 
cells is disputed; while Kylin ((389) p. 75) looks upon them as modified 
vegetative cells, Schussnig ((604) p. 544, (606) p. 246) regards them as 
homologous with rudimentary carpogonial branches. 

In all Florideae, except Nemalionales, the carpospores are of course 
diploid, although they are produced from the gonimoblasts in essen- 
tially the same way as in haplobiontic forms. The carpospores give 
rise to a diploid plant, which usually resembles the haploid one in all 
respects, except that it normally bears only asexual sporangia forming 
four spores (tetrasporangiay fig. 225). The two nuclear divisions in the 
sporangium are meiotic and the tetraspores grow into sexual individuals . 
The life-cycle of these Florideae therefore includes a haploid sexual 
and two diploid asexual phases (the gonimoblasts producing carpo- 
spores, the tetrasporic plant) and such Florideae are described as 
diplobiontic by Svedelius ((671) p. 43). There are three successive 
generations, although there is only one alternation of cytological 
phases in the life-cycle (83). The isomorphic alternation between the 
sexual and the tetrasporic individuals was first demonstrated experi- 
mentally by Lewis (430, 431). He allowed the two kinds of spores to 
germinate on oyster-shells which, with the germlings, were trans- 
ferred to the open sea, the tetraspores growing into mature sexual 
plants and the carpospores into asexual ones. The relation between 
the diplobiontic and haplobiontic types of life-cycle is discussed on 
P- 736. 

The naked carpospores sometimes perform gliding movements ((129) 
p. 224, (154) p. 1047, (562) p. 76), while amoeboid changes of shape ((67) 
p. 143, (hi), (120), (129) p. 222, (363) p. i94» (692) p. 64), not necessarily 
associated with movement, have been reported by various observers. 
It is not known whether such movements aid in the adoption of a 
suitable substratum. Proliferation of carposporangia (fig. 227 E) occa- 
sionally occurs ((586) p. 228). Chemin ((129) p. 220) gives data on the 
mode of liberation of these spores. 

(^) ^ i^^sporang ia and Tetraspores 

The tetrasporangia ((5) p. 88) of the diplobiontic Florideae are en- 
larged cells, which possess dense cytoplasmic contents and are 
almost invariably terminal on short lateral branches. This is clearly 
evident in such loosely branched forms as Callithamnion (fig. 225 A, 
t) and Antithamnion (fig. 289 A), but even in genera with a compact 
structure (e.g. ChondruSy fig. 263 I ; Dumontiay fig. 225 F, /), where 
they are embedded in the superficial tissues, their terminal position 
is generally recognisable without difficulty. The four spores either 
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form a row (zonate) as in many Cryptonemiales and Gigartinales 
(fig. 225 B, ^), or they are arranged crosswise (cruciate), commonly in 
the same plane, as for example in Rhodymeniales (fig. 225 E, t), or 
lastly they are grouped in a tetrad (tetrahedral) as in the majority of 



Fig. 225. Tetrasporangia of Florideae. A, Callithamnion corymbosum (Smith) 
C. Ag. (tetrahedral). B, Cystoclonium purpureum (Huds.) Batt. (zonate). 
C, Peyssonnelia Dubyi Crouan (cruciate). D, Delesseria sanguinea Lamour., 
septum-formation in tetrasporangium. E, Chrysimenia ventricosa (Lamour.) 
J. Ag. (cruciate). F, Dumontia incrassata Lamour., development of sporangia. 
hy hair; />, plasmodesmae ; f, tetrasporangium. (A after Thuret & Bornet; 
D after Svedelius; E after Kuckuck; the rest after Kylin.) 

the Ceramiales (fig. 225 A, t). Different types may occur in different 
species of the same genus ((347) p. 216) and occasional transitions are 
found. Certain Florideae, especially Corallinaceae, produce only two 
spores (bispores) in the sporangia (cf. pp. 655, 731). 
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The mature sporangia are usually uninucleate,^ even when the 
vegetative cells contain several nuclei (cf. however p. 716). Except in 
the cruciate type, the two nuclear divisions usually precede any 
cleavage of the cytoplasm. After the four nuclei have assumed their 
definite position, the cytoplasm exhibits peripheral invaginations 
which, advancing centripetally (fig. 225 B), divide the protoplast into 
as many uninucleate portions. The young sporangia are vacuolate 
((356) p. 985) and the chromatophores are often indistinct even in 
the mature spores. The liberated tetraspores are always naked and 
gliding movements, similar to those of the carpospores, are reported 
((558) p. 329, (562) p. 75), while Chemin ((129) p. 222) records amoeboid 
changes of shape. 

Cleavage of the protoplast is commonly accompanied by the ingrowth 
of septa from the wall of the sporangium ((3s) p. 374, (453) p. 14, (soz) 
P- 358, (66s) p. 302, (73s) p. 162), but little detailed information is 
available on this point. In Delesseria (fig. 225 D) the gelatinous septa 
show a cellulose-reaction and, like the wall of the sporangium, are 
traversed by pores occupied by plasmodesmae {p). In the formation of 
cruciate tetraspores transverse division of the contents ensues after the 
first nuclear division, the two halves then dividing longitudinally, the 
planes of division coinciding or not (fig. 225 C, E) ; septum-formation 
seems commonly to accompany the division of the protoplast in this 
instance, but it is not clear whether this is the rule. There are few 
available data (cf. (129) p. 219) as to the mode of dehiscence of the 
sporangia; according to Westbrook ((739) p. 67) those of Callithamnion 
(cf. fig. 294 K) open by a lid, those of some species of Antithamnion by 
an apical split. Proliferation of tetrasporangia is probably not infrequent, 
especially in the less specialised forms ((363) p. 19 1 , (735) p. 162). 

(/) The Reduction Division 

Despite a few exceptions (p. 725), the tetrasporangium of diplo- 
biontic Florideae is usually the seat of meiosis. This was first 
established by Yamanouchi in Polysiphonia (755), who thus confirmed 
certain suggestions made earlier ((501) p. 273). Since then meiosis 
has been demonstrated in the tetrasporangia of a considerable number 
of diplobiontic Florideae, but there are considerable discrepancies 
as regards the details of the process, in part centring about the ques- 
tion as to the relation between nucleolus and chromatin (p. 413). 

The tetrasporangium nucleus, which enlarges appreciably before 
meiosis commences, shows a conspicuous network with chromatin 
granules at the corners and a large prominent nucleolus (fig. 226 A, 
B, L). In Polysiphonia ((756) p. 420) the spireme formed during pro- 
phase affords evidence of a double nature (fig. 226 C). This is more 
distinct when the thread again spreads through the nuclear cavity 
(fig. 226 F), after the rather prolonged synezesis (fig. 226 E). Subse- 

^ The peculiar views of Heydrich (298) cannot be discussed. 




Fig. 226. Meiosis in the tetrasporangium. A-H, J, K, Polysiphonia violacea 
(Roth) Grev. (after Yamanouchi); A, mother-cell nucleus with delicate net- 
work; B, network coarser; C, parallel arrangement of chromatin threads; D, 
some of the latter; E, synezesis; F, nucleus emerging from synezesis; G, late 
prophase, diakinesis ; H, metaphase ; J, polar view of first mitosis in germinating 
tetraspore (20 chromosomes) ; K, ditto of first mitosis in carpospore (^40 chromo- 
somes). I, Rhodomela virgata Kjellm. (after Kylin), transverse section show- 
ing two sporangial initials, nuclei in spireme stage. L, M, Delesseria sanguinea 
Lamour. (after Svedelius); L, nucleus of mother-cell in prophase; M, syne- 
zesis. N-P, Rhodomela subfusca (Woodw.) Ag. (after Westbrook); N, O, 
diminution of chromatin; P, diakinesis. Q-T, Laurencia hyhrida (Decsne) 
Ag. (after Westbrook), prophase stages; Q, spireme stage, two nucleoli; 
R, diminution of chromatin; S, resting stage with several nucleoli; T, dia- 
kinesis. U, L. pinnatifida (Gmel.) Lamour. (after Westbrook), spireme stage. 
V, Lomentaria rosea (Harv.) Thur. (after Svedelius). c, chromatophores ; 
ce^ centrosome; ch^ chromosomes; m, nuclear membrane; «, nucleolus; 
piy pit-connection; /w, tetrasporangium-nucleus. 
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quently there is formation of 20 pairs of chromosomes, which 
gradually shorten to form as many gemini, giving a typical diakinesis- 
stage (fig. 226 G). By this time the nucleolus has disappeared. The 
spindles are intranuclear (fig. 226 H), with a centrosome (ce) at each 
pole (cf. also (166)); those of the second division, which are orientated 
perpendicular to one another, appear as soon as the chromosomes 
begin to separate. In the telophase of the second division the original 
nuclear cavity is cut across by the cytoplasmic cleavage. 

The course of events is essentially the same in Rhodomela virgata 
(fig. 226 I; (371) p. 62), Nitophyllum punctatum (fig. 293 B; (669) p. 51), 
Griffithsia corallina ((37s) p. 117, (73s) p. 165), Spermothamnion Turneri 
((176) p. 555) and Rhodymenia palmata ((735) p. 159), except that in the 
first three synezesis was not observed and the spindles are not intra- 
nuclear, while in the last two no achromatic figure was seen. Centro- 
somes were not found in Spermothamnion and Griffithsia, In the later 
stages of the heterotype division the bivalents are always short (fig. 226 

P, T). 

A spireme stage has been reported in many other Florideae,^ but not 
in Delesseria sanguinea ((665) p. 286), Griffithsia globifera ((428) p. 665), 
Lomentaria clavellosa ((680) p. 23), Corallina^ or Stenogramma interrupta. 
In the last three this has been correlated with the small size and scanty 
chromatin content of the nucleus ((740) p. 573, (757) p. 92). Westbrook 
(735, 740), using Feulgen^s nuclear stain, concludes that the chromosomes 
always differentiate from the reticulum and that they exhibit no relation 
to the nucleolus. Svedelius, on the other hand, records an aggregation 
of chromatin around the nucleolus at a certain stage in Delesseria (fig. 
226 M), a condition attributed by Kylin ((380) p. 107; see also (740) 
p. 576) to imperfect fixation. The former concludes that there is actual 
penetration and has more recently ((680) p. 13) given a circumstantial 
account of similar events in the (mitotic) nuclear divisions in the 
sporangium of Lomentaria rosea (fig. 226 V), although no such phe- 
nomena are recorded during meiosis in L. clavellosa.^ In Brongniartella 
and certain other Ceramiales peculiar conditions have been reported 
((151) p. 29, (51s) p. 3, (605) p. 244), suggesting a possible passage of 
chromatin into the nucleolus during the late prophase, as has recently 
been affirmed by Geitler^ also for mitosis in Spirogyra. The evidence 
in all these instances is inconclusive and further investigation is 
requisite. 

In diverse Ceramiales {Ceramiumy Chondriay etc.) the nucleolus 
fragments into a number of irregular bodies during prophase (fig. 226 

Q, S). According to Westbrook several species (especially Nitophyllum 
punctatum) show a diminution of chromatin in the outer nucleus (fig. 
226 N, O, R) prior to diakinesis. At this stage ((375) p. 119, (428) p. 665, 

^ Cf. the recent papers of Westbrook (735.740) and especially the synopsis 
on p. 169 of the first paper. 

* Lewis’ data (cf. also (605) p. 249) as to the origin of chromosomes by 
fragmentation of the nucleolus in Griffithsia are unsatisfactory ((371) p. 64). 

• Cf. Geitler, Ber. Deutsch. Bot. Ges. 53, 270-5, 1935. 
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(605) p. 244, (66s) p. 296, (740) p. 579) the cytoplasm of the sporangial 
initial often contains granules staining readily with basic dyes and with 
haematoxylin. Their exact nature remains undetermined, some re- 
garding them as extrusions from the nucleus, while Svedelius and Kylin 
consider them to arise spontaneously in the cytoplasm. The scanty data 
on the details of meiosis in the Nemalionales ((136) p. 338, (377) p. 267, 
(378) p. 161, (671) p. 32, (679) pp. 27, 46) indicate the customary succession 
of spireme, synezesis, and diakinesis, although in most instances only 
the last-named stage has been observed. 

The haploid number of chromosomes ((347) p. 216, (679) p. 55) 
appears to approximate to 10 in most haplobiontic Florideae, although 
the number is 20 in Bonnemaisonia asparagoides ((376) p. 556, (679)) and 
this is also that usually reported in the diplobiontic forms (cf. (735) 
p. 169). 


{g) The early Stages of Germination 

Tetraspores and carpospores are nearly always heavier than water and 
tend to sink. The secretion of a membrane is possibly the result of 
contact with a substratum (379), whilst attachment is in all probability 
due to the production of mucilage. The mature spores are nearly 
always filled with starch. The contents are deeply pigmented, but the 
chromatophores are difficult to distinguish and perhaps not fully dif- 
ferentiated (( 139 ) p. 218). During the early stages of germination, as 
the reserves -disappear, the chromatophores become apparent (339). 
There is no resting period. There are usually no essential differences 
in the germination of carpospores and tetraspores ((173) p. 247, (428) 
p. 673, (558) p. 504), although some difference in size of the germlings 
has occasionally been reported ((339) p. 249). 

The plane of the first division-wall is not determined by the direction 
of the incident light ((339) p. 237, (379) p. 22, (483) p. 185, (552) p. 128), 
although Tobler ((699) p. 150), without apparent evidence, supposes that 
this is so in Griffithsia opuntioides. Kylin suggests that there may be an 
influence of the substratum or perhaps of gravity (cf. however (37) 
p. 572). According to Chemin ((126), (129) p. 510) the spores of many 
Florideae will germinate in complete darkness, although growth soon 
comes to a standstill ; it can, however, be resumed if the germlings are 
exposed to light before the sojourn in darkness has been too prolonged. 
Direct sunlight kills the spores very rapidly. 

As regards the method of germination, the bipolar type, charac- 
teristic of Ceramiales, where the elongating spore divides into a 
rhizoid and the first cell of an erect-growing thread (fig. 185 D-F), is 
sharply opposed to that found in other Florideae, where division takes 
place primarily at right angles to the substratum and leads to the 
production of a prostrate thread or cushion (fig. 15 1 E-G). Kylin and 
others ((129) pp. 324, 507) here distinguish two or more types, viz. 
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(a) that found in many Nemalionales and diverse Cryptonemiales in 
which a tubular prolongation from the spore segments to form a pro- 
strate thread (fig. 15 1 C-G), while the original spore-body, often 
depleted of its contents, remains undivided, and {b) that found in 
Gigartinales, Rhodymeniales, Corallinaceae and most Cryptonemiales, 
in which the spore itself divides by diversely orientated walls to form 
a cushion-like mass (fig. 167 I-K). It may be doubted whether these 
differences are as fundamental as that between the method of 
germination of the Ceramiales and of other Florideae. Details of the 
process in individual forms have been given in the foregoing con- 
sideration of thallus-structure. 

2 . Th e Ha plobiontic T (N em align ales) 

(a) Sexual Reproduction and Carpospore -formation 

The simplest reproduction among Florideae is met with in Acro- 
chaetium.^ Many species are monoecious, although A. corymbiferum 
and A, rhipidandrum^ for instance, are dioecious, the male individuals 
of the former being smaller than the female. There is no special carpo- 
gonial branch and the lageniform carpogonia (fig. 227 A, cp) are seated 
laterally on the filaments or terminate branchlets, which may simult- 
aneously bear protandrous antheridia (A. Thuretiiy A. efflorescens ((368) 
p. 1 15) or even sporangia ; in gynandrum ((558) p. 89) antheridia are 
inserted on the carpogonia, while in A. efflorescens the latter may occur 
in an intercalary position. In A, violaceum (fig. 227 C) the hypo- 
gynous cell bears a few branches {br) which elongate considerably 
after fertilisation. The oblong or spherical antheridia (fig. 227 F, a) 
are grouped at the apices of short laterals. In Kylinia ((558) p. 143), 
in which the carpogonia are incompletely known, the antheridia are 
borne on narrow little-pigmented cells arising vertically from the 
creeping threads. 

After fertilisation the basal part of the carpogonium of Acro- 
chaetium (fig. 227 B) lengthens and the trichogyne (t) is pushed to one 
side. The former (cp) undergoes one or more transverse divisions, 
and the resulting cells give rise to gonimoblast-threads (^); in A, 
violaceum (fig. 227 C), however, four or five threads {g) arise from the 
apex of the carpogonium without any septation of the latter. The 
gonimoblast-threads are generally branched (fig. 227 E), the terminal 
cells usually alone producing sporangia (ca); in A, efflorescens, for in- 
st^tice, carpospores are formed also from other cells of the threads. 

The sexual reproduction of Batrachospermum^ is very similar. The 
carpogonia (fig. 227 G) are terminal on branchlets arising from the 

^ See ( 68 ) p. 16, (177) p. 445» (254) p. 19, (387) p. 7, (389) p. 5, (558) p. 84, 
(632) p. 157 { Balbiania ). 

* See (17), (67) p. I44» (*65), (326) p. no, (370), (378) (506), (582), (586) p. 227, 
(630), (650). The account of gonimoblast-origin in the last of these is not alto- 
gether correct. 
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Fig. 227. A-C, E, F, Acrochaetium\ A, B, E, F, A. corymbiferum (Smith) C. 
Ag. ;C, A. violaceum (Kiitz.). A, mature carpogonium ; B, division of fertilised 
carpogonium {cp)\ C, early stage of gonimoblast-development ; E, gonimo- 
blast with ripe carposporangia ; F, group of antheridia. D, G-K, Batracho- 
spermum moniliforme Roth; D, group of antheridia; G, mature carpogonium; 
I, early stage of gonimoblast-development; J and H, later stages; K, mature 
gonimoblast with carposporangia. «, antheridia; branch; carpo- 
sporangium ; cp, carpogonium ; e, enveloping threads ; g, gonimoblast ; p, plug 
separating carpogonium and trichogyne; s, spermatium; trichogyne. 
(C after Drew; the rest after Kylin.) 
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basal cells {B, vagutn) or also from other internal cells of the primary 
whorled laterals ; they are sometimes borne on cortical threads. The 
trichogyne {t) is separated from the body of the carpogonium (cp) by 
a constriction and, though commonly club-shaped, varies consider- 
ably in form, a feature which affords a valuable diagnostic character 
((370) p. 5, (631) p. 131); a trichogyne nucleus has not been observed.^ 
The spherical antheridia (fig. 227 D, a) are formed in small groups 
at the tips of the ultimate laterals. 

One of the products of meiosis of the zygote-nucleus passes into 
a lateral outgrowth (fig. 227 I, cp) and becomes cut off as the first 
gonimoblast-initial (fig. 227 J, gi). The other daughter-nucleus 
divides again, and this results in the itormation of a second initial {g 2 ) 
on the opposite side of the carpogonium ; further initials may be pro- 
duced in the same way. They grow out into branched threads (fig. 
227 K), the dilated terminal cells of which constitute carposporangia 
{ca). The gonimoblasts are commonly short and compact (cf. fig. 150 
C, ca\ but in a few species {B. orthostichum Skuja (641) p. 83) some 
of the branches extend over the internodes and there produce further 
groups of carposporangia ; in B, ectocarpum the mature gonimoblasts 
sometimes project beyond the surface. The cells of the carpogonial 
branch usually bear laterals (fig. 227 G-J, e) which, in B, moniliforme 
and related species, form a loose envelope around the mature gonimo- 
blasts ; this is more marked in Nothocladus (p. 738). The trichogyne is 
very persistent (fig. 227 K). 

The carpogonia (fig. 228 E, cp) of Sirodotia ((370) pp. 7, 38, (640) 
p. 298) possess a characteristic abaxial dilation (d) within which the 
female nucleus (/) is situated. A more important difference is that the 
few gonimoblast-threads (fig. 228 F, g) extend over the internodes 
(fig. 228 G), bearing short branch-systems, the terminal cells of which 
(ca) form carpospores (cf. Batrachospermum orthostichum ) ; in S. suecica 
the single gonimoblast-thread arises adaxially. 

Similar elongate gonimoblasts, extending horizontally through the 
cortex, occur in Cumagloea ((233) p. 398, (387) p. 10) and Dermonema 
((599) p. 334, (681) p. 34) ; in the last (fig. 228 D, g) they show considerable 
ramification and bear vertical branch-systems, the end-cells of which 
form club-shaped carposporangia (ca). The carpogonial branches (ch) 
are here three-celled. The possession of elongate gonimoblasts does not 
probably imply any close relationship between the various genera, 
which differ considerably in vegetative structure (see also Nothocladus y 
p. 738). It is still an open question whether the penetration of the 
threads among the vegetative branches of the thallus is associated with 
any absorption of nutriment from the latter. 

Among the multiaxial Nemalionales, Helminthocladia closely re- 
sembles Batrachospermum in its reproduction ((201) p. 90, (389) p. 6, 

^ The nucleus recorded by Davis ((165) p. 53) is possibly the second 
spermatial nucleus (cf. his fig. 27). 
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Fig. 228. A-C, Helminthocladia Calvadosii (Lamour.) Setch.; A, mature 
carpogonium; B, young and C, mature gonimoblast. D, Dermonema gracile 
(Mart.) Schmitz, parts of two gonimoblasts. E-G, Sirodotia suecica Kylin; 
E, carpogonial branch and carpogonium; F, early development of gonimo- 
blast; G, part of mature gonimoblast. cay carposporangium ; cby carpogonial 
branch; cp, carpogonium; dy process on carpogonium; /, female nucleus; 
gy gonimoblast; spermatium; sUy supporting cell; ty trichogyne. (D after 
Svedelius; the rest after Kylin.) 
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( 558 ) p. 148), although the usually three-celled carpogonial branches 
(fig. 228 A, ch) are better defined. In H. Calvadosii the fertilised 
carpogonium cuts off by approximately longitudinal walls (fig. 228 B) 
a number of cells which give rise to compact gonimoblasts (fig. 228 C) 
with terminal carposporangia {ca)^ while in H. Papenfussii ((401) p. 4, 
(450) p. 239) the first division is almost transverse ; this species is also 
distinguished by the fusion of the cells of the carpogonial branch after 
fertilisation. There mayor may not be an envelope of sterile filaments. 

Acrochaetium^ Batrachospermuniy and Helminthocladia exhibit 
primitive characteristics in the usual absence of any post-sexual 
fusions, in the customary formation of carpospores only from the 
terminal cells of the gonimoblasts, and in the lack of a clearly defined 
envelope around the latter. Scarcely more specialisation is evident in 
Lemanea ((22) p. 203, ( 380 ) p. 8, ( 629 ) p. 21), where (fig. 229 C) the 
carpogonial branches (cb) differentiate simultaneously with the cortex 
(c), arising from the cells of the longitudinal threads referred to on 
p. 464 (cf. also fig. 156 L, cb). In Tuomeya the carpogonial branches 
are spirally twisted and arise from the basal cells of the laterals. 
According to Atkinson those of Lemanea are usually situated near the 
primary laterals (basal cells) in Eulemaneay whereas in Sacheria they 
commonly lie remote from them, sometimes even occurring within 
the antheridial zones. The carpogonial branch (fig. 229 A, B, D, cb) 
consists of a variable number of cells (in Eulemanea often bearing 
short branches), embedded within the wall, while the trichogyne (/), 
which is occasionally forked, projects slightly beyond the surface of 
the bristle. 

The oblong antheridia (fig. 229 F, a) are generally formed in pairs 
upon cylindrical mother-cells (am)y which are crowded together at the 
“nodes’’ (fig. 229 G-J, a) and terminate branches of the longitudinal 
threads. In Eulemaneay where the latter are profusely branched, the 
antheridial sori form rings (fig. 229 I, J, a), but in Sacheria^ey occupy 
the summits of projections (fig. 229 G, H, d) which are arranged in a 
verticillate manner. The young mother-cell usually bears a unicellular 
hair (fig. 229 F, h) which is pushed aside by the developing antheridia. 
Fertilisation apparently occurs during the early months of the year. 

The fertilised carpogonium enlarges and cuts off, on its inner side, 
a succession of initials which project into the central cavity and give 
rise to branched gonimoblast-threads, most of the cells of which form 
carposporangia (fig. 229 E, cd). The nearly colourless carpospores are 
liberated by decay of the thallus. 

Greater specialisation is shown by NemalioHy of which N. helmin- 
thoides and N. multifidum have been repeatedly investigated.^ The 
plants are commonly dioecious, the male being smaller than the 
female. The carpogonial branches (fig. 230 A) are constituted by 

^ See ( 67 ) p. 141, ( 136 ), ( 326 ) p. 1 13, ( 365 ) p. 323 , (377), ( 746 ), ( 748 ). Certain 
details relating to other species are given by Boergesen ((so) p. 61). 
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Fig. 229. Lemanea; A, L. australis Atk. ; B-D, F, H, L, fluviatilis C. Ag. ; 
E, G, L. mamillosa Kiitz. ; I, L. annulata KUtz; J, L. nodosa Kutz. A, longi- 
tudinal section of small part of bristle, carpogonial branch and carpogonium ; 
B, young carpogonial branch; C, transverse section of a young segment, 
showing early stage in development of carpogonial branches; D, carpogonial 
branch bearing two carpogonia ; E, longitudinal section of a bristle, with ripe 
gonimoblasts ; F, development of antheridia; G-J, parts of bristles showing 
arrangement of antheridial sori. <2, antheridia or antheridial sori; am, anthe- 
ridial mother-cell; by basal cell of lateral; c, cortex; cay carposporangia ; 
chy carpogonial branch; c/>, carpogonium; dy “node’* (meeting point of 
ascending and descending longitudinal threads); hy hair; /, descending and u, 
ascending longitudinal threads; m, axial cell; r, surface-layer of thallus; 
Sy spermatium ; sty sterile threads on carpogonial branch ; sUy supporting cell ; 
ty trichogyne. (A, E after Atkinson; G-J after Sirodot; the rest after Kylin.) 
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ordinary laterals and consist of 4-7 cells, the upper of which (hy) are 
nutritive cells with only a minute colourless plastid, while the lower 
bear a number of ordinary branches (/). The elongate trichogyne {t) 
projects slightly beyond the surface of the thallus. The antheridia are 
formed on branches, which arise from the terminal cells of the laterals 
(fig. 230 A, a) and consist of 2-4 cells (fig. 230 F, ab) with non- 
pigmented plastids and abundant contents ; each cell produces 3 or 4 
antheridia {a) around its apex. One or both male nuclei (cf. p. 597) 
pass into the trichogyne. 

Soon after sexual fusion the large zygote-nucleus undergoes meiosis 
and the chromatophore divides. Thereupon the carpogonium seg- 
ments transversely into two cells (fig. 230 B), the upper of which 
{cpi) produces the gonimoblasts. Its nucleus divides again and one 
half passes into a lateral protuberance, which is cut olf as a gonimo- 
blast-initial ; this is repeated several times so that a number of initials 
(fig. 230 C, i) are produced. The lower carpogonial cell {cp 2 ) gradu- 
ally fuses with the hypogynous cells (fig. 230 C, D, hy) and these with 
the underlying cells (fig. 230 E,/), a process accompanied by nuclear 
degeneration and one by means of which the nutriment in these cells 
is no doubt rendered available to the developing gonimoblasts. The 
threads, formed from the gonimoblast-initials (fig. 230 E, g)y hang 
down parallel with the carpogonial branch and each of their cells 
produces on its outer side an upwardly curved 2-3 -celled branchlet, 
the terminal cell of which enlarges to form a sporangium {ca); fre- 
quent proliferation of the sporangia is recorded ((136) p. 339, (748) 
p. 620). 

The higher differentiation of Nemalion is shown by the presence of 
nutritive cells in the carpogonial branch, by the development of 
gonimoblasts from the upper half of the carpogonium only, by the 
marked fusions that occur subsequent to fertilisation, and by the 
special form of the gonimoblasts. Only one of the two nuclei formed 
in the first meiotic division is supposed to divide again (cf. however 
(136) p. 339, (748) p. 619). The reproduction of most species of JJagora 
((so) p. 69, (si) p. 43, (389) p. 9) is in all essentials like that of Nemalion. 

Other Helminthocladiaceae, of which Helminthocladia^ Cumagloea 
and Dermonema (p. 610) have already been considered, are less 
specialised than Nemalion, although Svedelius ((680 p. 32) records 
occasional fusion of the fertilised carpogonium with the supporting cell 
of the carpogonial branch in Dermonema (cf. fig., 228 D, on the left). 
In Trichogloea (91) the enlarged hypogynous cell functions as a nutritive 
cell. The dioecious Helminthora divaricata} shows much the same 
features as Nemalion (cf. fig. 230 G), although fusion with the hypo- 
gynous cells is not so marked and the gonimoblasts become enveloped 
by sterile branches (fig. 159 C, cy; 230 I, e) which arise from the second 
and third cells of the four-celled carpogonial branch (fig. 230 H). Such 

^ See (67) p. 142, (326) p. 1 14, (365) p. 317, (387) p. 8, (673) p. 221, (692) p. 64. 




Fig. 230. A-F, Nemalion multifidum (Web. & Mohr) J. Ag. ; A, part of a 
branch-system, with antheridia and mature carpogonium ; B, first division of 
fertilised carpogonium (cpij cp2); C, formation of gonimoblast-initials ; 
D, later stage of development of gonimoblasts ; E, mature gonimoblast; 
F, antheridial branch (a6). G-I, Helminthora divaricata J. Ag. ; G, first 
division of fertilised carpogonium (cpJ, cp2)\ H, mature carpogonium; 
I, branch-system, with ripe gonimoblasts. a, antheridia; ca, carposporangia ; 
cp, carpogonium; e, enveloping threads; /, fusion-cell; g, gonimoblast; 
h, hair; hy^ hypogynous cells; /, gonimoblast-initial ; /, lateral; w, nucleus; 
pt pyrenoid ; $, spermatium ; t, trichogyne. (A and I after Thuret & Bornet ; 
the rest after Kylin.) 
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an envelope is also found in Trichogloea and indicated in Nemalion ((387) 
p. 8). The antheridia of Helminthora form groups on the terminal cells 
of the laterals (cf. also (85) p. 258). All Ilelminthocladiaceae appear to 
have terminal carpospores. 

The Naccariaceae and Bonnemaisoniaceae, which show the greatest 
vegetative specialisation among Nemalionales (p. 479), also afford 
evidence of advance in reproduction, although there is no complete 
parallel. Here the hypogynous cell of the carpogonial branch bears 
short laterals composed of nutritive cells with dense contents (figs. 
231 A, B; 232 B, D, «w), which are gradually exhausted during the 
development of the gonimoblast. Except in Atractophora, the ferti- 
lised carpogonium (fig. 23 1 F, cp) fuses with the hypogynous cell {hy) 
and establishes a direct connection with this nutritive system, but in 
Bonnemaisonia and Asparagopsis the fusions after fertilisation are 
more comprehensive than in Naccariaceae. In these two genera, 
moreover, threads originating from cells of the carpogonial branch, 
and more particularly from adjacent cells, combine to form a 
compact investment around the gonimoblast (fig. 232 B, e). For such 
a fructification, provided with a special protective envelope, the term 
cystocarp is often reserved. 

In Naccariaceae the fertile branches at first develop few laterals and 
exhibit little hypha-formation. The three-celled carpogonial branches 
(fig. 231 A, cb) of Atractophora ((68) p. 50, (387) p. X3> (766) p. 401) and 
the two-celled ones (fig.* 231 D, cb) of Naccaria ((68) p. 52, (387) p. 14, 
(586) p. 229, (766) p. 394) arise from basal cells {su) of laterals which also 
bear short branches ; the small nutritive cells (fig. 231 B, E, nu) are cut 
off from the hypogynous cells. In Atractophora (fig. 231 B) the fer- 
tilised carpogonium (cp) fuses with the supporting cell (sm), while in 
Naccaria (fig. 23 1 F, G) the pit-connection between the former {cp) and 
the hypogynous cell {hy)y and sometimes those between the latter and 
some'of the nutritive cells, gradually widen (cf. Bonnemaisonia), 

The gonimoblast-threads arise from the carpogonium itself, singly 
in Naccaria (fig. 231 F, g), to the number of two or three in Atracto- 
phora (fig. 231 C, g). Branching extensively, they spread upwards and 
downwards and form an investment around the axial threads of the 
fertile tract (fig. 231 C; cf. Sirodotiay Cumagloea); their perpendicular 
branches bear terminal sporangia. The photosynthetic laterals, amid 
which these branches spread, exhibit abundant ramification, but this 
is much more marked in Naccariay where the fertile tracts appear as 
ellipsoidal swellings on the fronds. Numerous hyphae arise so that the 
internal tissue of these swellings constitutes a dense pseudo-parenchyma, 
which is surrounded by a broad and more loosely organised cortical 
region covered by an envelope of mucilage. The gonimoblast-threads 
of Naccaria are stated to form secondary pit-connections with the 
central cells and other elements of the fertile tract ((766) p. 396). 

The antheridial mother-cells are terminal on branches arising mainly 
from the basal cells of the laterals ; in Atractophora the entire lateral may 
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be involved. In Naccaria, owing to slight elongation of the axial cells, 
the antheridial sori often constitute extensive colourless areas inter- 
rupted only by the projecting pigmented tips of the sterile branches. 

The Bonnemaisoniaceae, though more specialised, show con- 
siderable resemblances to Naccaria. Bonnemaisonia asparagoides ((87) 
p. 297, (376) p. 551, (679) p. 39)^ is monoecious,^ while the species of 
Asparagopsis ((so) p. 355, (141) p. 143, (387) p. 24, (679) p. 18) are 
dioecious. The sex organs are borne on secondary laterals of limited 
growth (p. 480) which alternate irregularly ; in Bonnemaisonia (fig. 232 
G, m) they arise directly from them, while in Asparagopsis they are 



Fig. 231. A-C. Atractophora hypnoides Crouan; A, mature carpogonium; 
B, fusion between carpogonium {cp) and supporting cell {su)\ C, young 
gonimoblasts. D-G, Naccaria Wigghii (Turn.) Endl.; D, young and E, 
mature carpogonium; F, young gonimoblast; G, fusion between carpogonium 
{cp) and hypogynous cell {hy)y immediately after fertilisation, a, axial cells; 
cby carpogonial branch ; cpy carpogonium ; g, gonimoblast ; /ly, hypogynous cell ; 
/, lateral ; wt/, nutritive cells; sUy supporting cell; ty trichogyne. (After Kylin.) 

situated upon their branches. In the male shoots of A. armata nearly 
all the secondary branches produce antheridia. The male branch 
consists of a limited number of elongate axial cells, nearly all of which 
{Asparagopsis) or only the upper {Bonnemaisonia) cut off pairs of 
pericentrals which alternate in successive segments;^ the laterals to 
which they give rise combine to form a continuous layer of mother- 
cells, each producing two or three antheridia (fig. 222 H). In the 

^ Phillips ((si 8) p. 349) gives a few details about the female branches. 

^ The dioecious form ((65) p. 298, (114)) is suspected of being a distinct 
species ((265) p. 104). 

® Kylin describes the structure differently in Bonnemaisonia. 




Fig. 232. A, C, Asparagopsis hamifera (Hariot) Okam.; A, young carpogonial 
branch; C, formation of supporting cell. B, D, G-I, Bonnemaisonia aspara- 
goides (Woodw.) Ag. ; B, young cystocarp, formation of gonimoblast-initial ; 

D, mature carpogonial branch and carpogonium ; G, lateral with basal cysto- 
carps (c) and antheridial branches (w); H, older carpogonium, development 
of nutritive threads; I, older gonimoblast showing fusion of lower cells. 

E, F, Asparagopsis armata Harv. ; E, diploid nucleus in diakinesis within the 
hypogynous cell; F, diploid nucleus in hypogynous cell, carpogonium still 
persisting. J, Chaetangium saccatum (Lamour.) J. Ag., carpogonial branch. 
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female shoots of Bonnemaisonia all except the terminal cell become 
corticated and later form the stalk of the solitary cystocarp (fig. 232 
G, c). Those of Asparagopsis produce only two fertile laterals, re- 
presenting the secondary laterals of two successive basal segments, 
so that the resulting cystocarps are usually at right angles to one 
another. 

In both genera the terminal cell of the female axis divides obliquely 
(fig. 232 C), the upper segment (u) producing three groups of laterals 
(fig. 232 A, cy) which participate in the formation of the cystocarp- 
wall, while the lower (/) cuts off three pericentrals, one of which acts 
as the supporting cell (su) of the three-celled carpogonial branch 
(fig. 232 C, 5 m); in Bonnemaisonia the trichogyne (fig. 232 D, t) is long 
and spirally twisted. The cystocarp-wall (fig, 232 B, H, e)y which 
develops to a considerable degree already prior to fertilisation, is com- 
pleted by laterals arising from all three pericentrals, as well as from 
the first cell of the carpogonial branch. The hypogynous cell (fig. 232 
D, H, hy) gives rise to laterals, composed of nutritive cells {nu) which 
enlarge and increase in number subsequent to sexual fusion. During 
the early divisions in the fertilised carpogonium the nutritive cells 
fuse both with one another and with the hypogynous cell, thus 
furnishing material for the development of the gonimoblast (cf. 
Naccaria). 

In Bonnemaisonia the reduction divisions take place in the carpo- 
gonium, but only one of the four resulting nuclei probably persists. 
The gonimoblast-initial (fig. 232 B, g) is cut off internally from the 
carpogonium (cp), adjacent to a group of large cells full of nutriment 
{nu') occupying the floor of the young cystocarp. The initial divides 
rapidly to form a several-layered disc and, as this happens, the nutri- 
tive threads {nu) connected with the hypogynous cell lose their 
contents. Later the lower cells of the gonimoblast-disc fuse with one 
another, with the nutritive cells {nu') below, and with the supporting 
cell of the carpogonial branch (sometimes also with the fertile axial 
cell) to form a large multinucleate fusion-cell occupying the floor of 
the cystocarp (fig. 232 I,/). The overlying gonimoblast-cells give rise 
to branched threads, the end-cells of which form sporangia {ca). The 
stalked cystocarps (fig. 232 G, c), which have a terminal aperture, 
stand opposite the primary laterals {pl) \ according to Golenkin ((251) 
p. 258) they bear plentiful vesicular cells. 

The fusion-nucleus of Asparagopsis passes into the hypogynous 


Qy axial cell; c, cystocarp; ca, carposporangium ; chy carpogonial branch; 
cpy carpogonium; cy and c, cystocarp-envelope ; dn, diploid and hn, haploid 
nucleus ; /, fusion-cell ; g, gonimoblast-initial ; hyy hypogynous cell ; /, lower 
segment of terminal cell; w, male branches; nUy nu'y nutritive cells; p, peri- 
central; ply primary lateral; s, spermatium; sUy supporting cell; ty trichogyne; 
Uy upper segment of terminal cell. (A-C after Kylin; J after Martin; the rest 
after Svedelius.) 
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cell, while the carpogonium itself degenerates (fig. 232 E, F). Within 
the hypogynous cell the diploid nucleus (dn) enlarges and undergoes 
meiosis (fig. 232 E). During the development of the two (or more ?) 
gonimoblasts a large fusion-cell similar to that of Bonnemaisonia is 
formed at the base of the cystocarp, bearing on its upper side the 
carposporangial threads which are here interspersed with sterile 
filaments. The axial cells in the lower part of the fertile branch have 
abundant contents and wide pit-connections. 

A similar specialisation is found among the multiaxial Nemalionales 
in the Chaetangiaceae, of which the monoecious Scinaia furcellata has 
been fully investigated ((671); cf. also (68) p. 19, (617)). The antheridial 
branches (fig. 233 F, hr) arise from the pigmented end-cells {p) of the 
laterals (p. 471), the mother-cells (w), which produce two or three 
antheridia {a), being embedded in a layer of mucilage {mu) formed 
by the outer walls of the vesicular cells (r). The three-celled carpo- 
gonial branches (fig. 233 A) originate from the loose internal tissue 
just behind the apex. At an early stage the hypogynous cell (fig. 233 
B, D, hy) divides longitudinally into four large cells (fig. 233 I) which 
possess dense contents and often contain several nuclei, while the 
first cell of the branch produces a few short threads {e). 

After fertilisation (fig. 233 C, D) the fusion-nucleus {dn) passes 
from the carpogonium {cp) through the enlarged pit-connection {po) 
into one of the four hypogynous cells and there undergoes meiosis 
(fig. 233 E, J). Three of the resulting nuclei gradually degenerate 
(fig. 233 H, I, te)y while the fourth passes into the single gonimoblast 
which arises from the upper end of the hypogynous cell (fig. 233 H, ^). 
The gonimoblast penetrates through the pit- connection into the 
empty carpogonium and, piercing the latter on one side, soon com- 
mences to branch. In the meantime the threads arising from the first 
cell of the carpogonial branch (fig. 233 E, J, e) multiply and form a 
compact envelope (fig. 233 K, e). The hypogynous cells {hy) partially 
fuse and flatten out against the latter, while the gonimoblast gradually 
fills most of the space within it. Many of its branches produce rows 
of 2-4 sporangia (fig. 233 G, ca\ while others {st) remain sterile (cf. 
Asparagopsis). The dark-coloured spherical cystocarps, which are pro- 
vided with an apical aperture, are sunk within the surface of the 
thallus. 

The mature cystocarps of Galaxaura (71 1) and Chaetangium ((599) 
p. 338) are similarly embedded. The lower cells of the carpogonial 
branch of C. saccatum ((449) p. 119) bear short laterals (fig. 232 J; 
cf. Bonnemaisoniaceae). Later the carpogonium degenerates, although 
the underlying cell survives, while the cells of its laterals increase 
considerably in size. On somewhat slender data Martin concludes that, 
as in Scinaia^ the diploid nucleus passes into the hypogynous cell, with 
subsequent formation of a tetrad by reduction, although there is no 
good evidence of the occurrence of fertilisation. The richly branched 




Fig. 233. Scinaia furcellata (Turn.) Bivona (after Svedelius). A, young 
carpogonium ; B, fertilisation ; C, D, diploid nucleus {dn) has passed through 
connection (/)o), between carpogonium and hypogynous cell, into the latter; 
E, division of diploid nucleus; F, formation of antheridia; G, part of a mature 
gonimoblast; H, early development of gonimoblast; I, transverse section 
through the hypogynous cells, the one containing nuclei of the tetrad {te ) ; 
J, diploid nucleus {dn) in diakinesis within hypogynous cell; K, vertical 
section of very young fruit. antheridia ; 6r, branch ; c, vesicular cell ; cay 
carposporangia ; cpy carpogonium ; dUy diploid nucleus ; e, enveloping threads ; 
gy gonimoblast; huy haploid nucleus; hyy hypogynous cells; m, antheridial 
mother-cell; mUy mucilage; n, nucleus; p, photosynthetic cell; po, pore 
connecting carpogonium and hypogynous cell; 5 , spermatium nucleus; sty 
sterile thread of gonimoblast ; ty trichogyne ; fe, nuclei of tetrad. 
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gonimoblast arises from the hypogynous cell, some of its branches inter- 
weaving to form a “wall”, while others produce the carpospores ; there 
is no true envelope, the laterals on the lower cells of the carpogonial 
branch disappearing during the development of the gonimoblast. 
A narrow pore is formed above the resulting fruit. 

The antheridia of Galaxaura ((50) p. 112, (sO p. 75, (342) p. 21) are 
formed in large numbers from the ends of richly branched filaments, 
which arise from the floor and sides of deep and often wide cavities 
(cf. Corallinaceae). The antheridial filaments originate close to the apex 
((682) p. 595) and are gradually overgrown by adjacent sterile threads; 
the aperture, which progressively widens, results from degeneration of 
the overlying cells. Similar antheridial cavities, in part very small, 
occur in Chaetangium ((448) p. 171). 

(h) General Survey of the Life-cycle 

Kylin emphasises that the uniaxial and multiaxial Nemalionales must 
be regarded as distinct developmental series, a point of view which 
receives considerable support from a consideration of their repro- 
ductive features. In each series definite nutritive cells are differenti- 
ated only in the more specialised forms, viz. the uniaxial Naccariaceae 
and Bonnemaisoniaceae, and the multiaxial Chaetangiaceae ; it is', 
moreover, only in the two last families that a compact envelope is 
formed around the gonimoblast leading to the formation of a true 
cystocarp. In Acrochaetium, Balrachospertnum, and Lemanea there is 
no fusion of the carpogonium with other adjacent cells after fertilisa- 
tion, such as obtains in some of the less specialised multiaxial forms — 
the Helminthocladiaceae. Here, however, only the carpogonial 
branch itself (fig. 230 D, E) serves to provide nutriment for the de- 
veloping gonimoblast, although the outgrowth of gonimoblast- 
threads among the photosynthetic laterals in Dermonema (fig. 228 D) 
and Cumagloea (cf. also Naccariaceae) perhaps represents another 
means of attaining the same end. In Naccariaceae and Boane- 
maisoniaceae, on the other hand, special nutritive cells (figs. 231 A, 
D ; 232 B, H, nu) are formed from the hypogynous cell and this is also 
so in Scinaia. Except in Atractophora, these cells fuse with one 
another during the post-fertilisation development. 

The gonimoblasts in Nemalionales usually originate from the carpo- 
gonium itself, but in Asparagopsisy Scinaia y and perhaps in Chaet- 
angium y the diploid nucleus passes into a hypogynous cell and it is 
from this that the gonimoblast arises. The post-fertilisation behaviour 
of the diploid nucleus in these genera is analogous to that found in 
many diplobiontic Florideae, and there seems no valid reason why 
the hypogynous cell that receives it should not be termed an auxiliary 
cell ((449) p. 139, (679) p. 49, (741^1); cf. however (389) p. 92, (398) p. 140). 
It appears that the haplobiontic Florideae, despite the fundamental 
difference in their life-cycle, show in the sexual reproduction of the 
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more advanced forms many of the specialised features that charac- 
terise the diplobiontic type, and it may be recalled that the vegetative 
construction of the genera involved also affords indications of advance 
(cf. p. 479). 

In Nemalion (fig. 230 E) and Asparagopsis several gonimoblast- 
threads are produced, so that at least two of the four nuclei formed at 
the reduction division are utilised, while in Scinaia (fig. 233 H, I), and 
probably also in Bonnetnaisonia ((679) p. 46) and Chaetangium ((449) 
p. 138), all but the one employed in the formation of the single 
gonimoblast degenerate. The last-named genera are in this respect 
more specialised than other Nemalionales. In Batrachospermum all 
four nuclei are apparently used. 

Since Svedelius ((671) p. 32) showed that reduction occurs at the 
first divisions of the zygote-nucleus in Scinaia^ this has been demon- 
strated for several other Nemalionales. Reference may be made to 
the researches of Kylin ((377) p. 267) and Cleland ((136) p. 338) on 
Nemalion multifidum, whereby earlier erroneous statements of Wolfe 
were rectified, and the recent investigation of Bonnemaisonia and 
Asparagopsis by Svedelius ((679) pp. 27, 44). Evidence for the occur- 
rence of reduction immediately after fertilisation has also been pro- 
duced for Batrachospermum ((378) p. 161) and Helminthora ((387) p. 9), 
and it can hardly be doubted that this is the rule in Nemalionales. 
The zygote therefore represents the only diploid stage. What is 
known of other methods of reproduction in the majority of Nema- 
lionales is in accord with these findings. 

Such reproduction is most commonly effected by monospores 
which, despite the fact that some individuals may bear these struc- 
tures only, are nearly always to be found also on plants bearing sex 
organs and producing carpospores ((347) p. 218). The monospores are 
in fact accessory reproductive cells (i, p. 5 1), which serve to reproduce 
the haploid phase, and are not an essential part of the life-cycle like 
the carpospores. 

The naonosporangia are spherical or oblong structures (fig. 234, m) 
which differ from the antheridia in their deeply pigmented contents 
and larger size. Those of Acrochaetium (fig. 234 A, m) are sessile or 
shortly stalked or sometimes grouped together at the ends of short 
lateral branch-systems (fig. 234 B, m). In many species of Batracho- 
spermum they are confined to the juvenile stage (p. 456 and fig. 15 1 

B, m), but in B. sporulans Sirod. and B, vagum ((262) p. 284, (370) p. 8, 
(631) p. 138, (633) p. 96), which rarely produce sex organs, as well as 
in the tropical B. lochmodes ((646) p. 620), for example, they occur, like 
the antheridia, at the apices of the laterals of the adult shoots (fig. 234 

C, D, w). In Helminthora ((673) p. 215) they occupy the same position 
(fig. 234 E, m). The monosporangia of Scinaia ((671) p. 14) are formed 
(fig. 234 F, G, m) from the narrow pigmented cells that lie between 
the vesicular cells (e) in the younger parts. In Naccariaceae, Bonne- 
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maisoniaceae, Letnanea and Netnalion no such structures are known. 
The Chantransia-sizgts'' of Letnanea are purely vegetative ((72) 
p. 193, (363) p. 200). 

The monospores are liberated by rupture of the apex of the 
sporangium-wall (fig. 234 E); proliferation is probably not un- 
common. Amoeboid movements of the naked monospores have been 
frequently reported ((154), (ssS) pp. 85, loi, (673) p. 218). They appear 
to germinate in the same way as the carpospores. 



Fig. 234. Monospore-formation in Nemalionales. A, Acrochaetium rhipi^ 
dandrum (Rosenv.). B, A. Daviesii (Dillw.) Naeg. C, D, Batrachospermum 
lochmodes Skuja. E, Helminthora divaricata J. Ag. F, G, Scinaia furcellata 
(Turn.) Bivona. c, chromatophores ; e, vesicular cells; A, hairs; m, mono- 
spores; />, pyrenoids; sp^ monospore. (A after Kylin; B after Taylor; C, D 
after Skuja; E-G after Svedelius.) 


Diverse authorities ((633) p. 98, (671) pp. 18, zz) have Commented on 
the similar positions of antheridia and monosporangia, which may even 
occur side by side on the same lateral. Transitions between the two 
kinds of organs are reported in Batrachospermum and Scinaia^ while in 
Helminthocladia certain structures have been variously interpreted as 
arrested antheridial branches ((558) p. 147) and as monosporangia ((671) 
p. 18). The implications of these features are at present not clear. 

In several species of Liagora small orbicular discs, with a gelatinous 
envelope and more or less calcified, occur immersed among the laterals. 
They bear monosporangia, sometimes showing division of the contents 
into two ((50) p. 456, (319)). It remains doubtful whether they are a stage 
in the development of Liagora or belong to an independent endophyte. 
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Several species of Acrochaetium {A. Daviesii, A, Thuretii, A. vir- 
gatulum) bear tetrasporangia (fig. 235 B, E, t) as well as mono- 
sporangia, both usually occurring on the sexual plants ((45) p. 351, 
(369) p. 1 18, (558) p. 85). On the other hand, in A. violaceurrA (fig. 
235 E; (177)), and probably in A. efflorescens^ (fig. 235 B; (368), (410), 
(558) p. 85), there are distinct tetrasporic and sexual individuals which 
may also bear monospores (fig. 235 A, m), although in A, efflorescens 
these often occur on distinct plants. There is, moreover, a certain 
seasonal alternation, since the tetrasporic individuals occur mainly 
during the colder and the sexual ones during the warmer months 
((177) p. 448, (ss8) p. 137). The supposed' asexual plants of A, efflore- 
scens are smaller and less abundantly branched ((368) p. 118). The 
tetrasporangia of Acrochaetium are always cruciately divided and this 
is also so in Rhodochorton (fig. 235 D, H). In this genus tetra- 
sporangia are the rule, although one instance of monosporangia has 
been recorded ((462) p. 374) ; no carpogonia are known, but Rosenvinge 
((558) p. 389) has described antheridia in R. penicilliforme. 

While A. efflorescens and A. violaceum may actually be diplobiontic, 
such a view cannot be accepted without a cytological investigation. 
In face of the known facts, moreover, it appears rather improbable. 
Although data as to the time at which reduction occurs are not 
available for Acrochaetium, it is generally assumed that it takes place 
during the first divisions of the zygote-nucleus. In species bearing 
tetrasporangia and monosporangia on the sexual plants reduction 
during tetraspore-formation is very unlikely. The occasional associa- 
tion of monosporangia with tetrasporangia on the non-sexual plants 
of A, efflorescens and A, violaceum renders it equally improbable that 
the tetrasporangia are here the seat of a reduction division. With our 
present knowledge it would seem most plausible to regard these tetra- 
sporangia merely as divided monosporangia ((77O ; cf. also (347) p. 219), 
and in this connection attention may be drawn to the occurrence in 
certain species of bispores ((47) p. 179, (50) p. 43, (sO p. 20) and 
polyspores ((59) p. 38, (316) p. 88); in A, multisporum Boerges. the 
latter arise by further division of the four cells first formed. 

Cruciate tetrasporangia are also recorded in Galaxaura ((342) p. 21), 
usually occurring on distinct individuals, which commonly differ so 
markedly in outward form and internal structure from the sexual ones 
((si) p. 65, (318), (727) p. 209) that the two phases have in the past been 

^ Skuja ((646) p. 613) questions whether the forms referred by Drew to this 
species are identical with the widely distributed A. violaceum , in which only 
monospores have hitherto been recorded. Drew^s form is certainly identical 
(178) with the Chantransia Bozveri described by Murray and Barton (470). 

® Kylin ((376) p. 569; cf. also (635) p. 25) has expressed doubts whether the 
asexual plants, described by Reinke ((539) p. 23) as Rhodochorton chantran- 
sioides and referred ((368) p. 113, (558) p. 85) to A. efflorescens, really belong to 
this species (cf. however (40a) p. 434). 
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referred to distinct species.^ There is perhaps a greater possibility 
that this advanced member of Nemalionales may be diplobiontic (cf. 



Fig- 235. Asexual reproduction of Nemalionales. A, B, Acrochaetium 
efflorescens (J. Ag.) Naeg. C, D, Rhodochorton penidlliforme (Kjellm.) 
Rosenv., with tetraspores. E, Acrochaetium violaceum (Kiitz.), monospores 
and tetraspores. F, G, Batrachospermum Breutelii Rabenh.; F, gemma- 
formation; G, germinating gemma. Rhodochorton membranaceum Magnus, 
tetraspore-formation. I, Liagora tetrasporifera Boerges., formation of tetra- 
spores in place of carpospores. r, chromatophore ; gemma; w, mono- 
sporangium; ty tetrasporangium. (A-D after Rosenvinge; E after Drew; 

F, G after Skuja; H after Taylor; I after Kylin.) 

(347) p. 217), but no conclusion is possible without experimental or 
cytological verification. 

The haplobiontic and diplobiontic Florideae are no doubt related 

^ The record of sporangia with tetrahedral spores on fruiting plants of 

G. adriatica Zan. (cf. (282) p. 307) is open to doubt ((51) p. 76), while the 
similar record for Nemalion ((S99) p. 333) may well refer to anodier organism. 
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and many hold that the latter have originated from forms like the 
Nemalionales with a haplobiontic life-cycle,^ probably as a sudden 
mutation ((677) p. 369). Many of the haplobiontic genera show a 
simple vegetative organisation, but there is nothing to imply a possible 
reduction from more advanced types. A further discussion of the 
relation between the haplo- and diplobiontic Florideae is deferred to 
a later page (p. 736), and the consideration of Nemalionales may be 
concluded by the mention of a number of instances, which show that 
the life-cycle may occasionally present interesting complications. 

In Liagora tetrasporifera^ first described ((sO p. 39) from the 
Canaries, but since found also in the Mediterranean ((389) p. 9), the 
terminal cells of the gonimoblasts develop as tetrasporangia forming 
cruciate tetraspores (fig. 235 I, /), although most species of Liagora 
produce carposporangia of the usual type. Feldmann ((201) p. 94) has 
recently recorded a similar formation of cruciate tetrasporangia from 
the gonimoblasts in Helminthocladia Hudsoni (C. Ag.) J. Ag. Should 
cytological study prove that reduction occurs in the tetrasporangia of 
these two species, postponement of meiosis within the domain of a 
single genus would have been demonstrated and a possible stage in the 
evolution of the diplobiontic condition established. 

For members of the Bonnemaisoniaceae Feldmann (198,199) has 
described the production from the carpospores of an independent 
generation bearing tetrasporangia. That of Bonnemaisonia aspara- 
goides (207) is stated to be identical with a sublittoral alga described by 
Batters ((29) p. 318; cf. also (225) p. 231, (577) p. 141) as Hymenoclonium 
serpens {Callithamnion serpens Crouan), in which the densely branched 
filaments are creeping and sometimes form an almost continuous 
expanse ; it is to be noted that Crouan 's figure shows cruciate tetra- 
spores, whereas Feldmann describes them as tetrahedral. The carpo- 
spores of Asparagopsis armata^ on the other hand, develop into the 
alga Falkenbergia ((198); cf. p. 549) in which hitherto only cruciate 
tetraspores have been reported ((140) p. 122, (49s), (497a) p. 136)- If 
these observations are confirmed, they would show that the carpo- 
spores of these advanced members of Nemalionales give rise to a 
generation quite distinct from the sexual one. The fate of the tetra- 
spores is unknown ; they may, like the monospores of the juvenile 
stage of Batrachospermuniy merely serve to reproduce the generation 
upon which they occur, while the sexual plant itself arises as an out- 
growth from the tetrasporic ones. However that may be, it seems 
certain that the sexual phase is haploid in view of the data furnished 
by Svedelius. 

Vegetative reproduction is frequent among Nemalionales and occurs 
abundantly in the “ C/iawtransxa-stages ” of Batrachospermum and 
Lemanea (pp. 455, 466); in fragments of Lemanea-hristlQS the longi- 

^ See (167) p. 512, (347) p. 217, (428) p. 682, (671) p. 43, (678) p. 41, (756) 
P- 435- 
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tudinal threads can develop into the C/iawiraw5za-stage'’ ((22) p. 210), 
while cells of the inner cortex of dead bristles are stated to survive and 
divide ((72) p. 187). In Batrachospermum moniliforme ((650) p. 162) 
certain laterals, composed of thick-walled cells, have been regarded as 
resting stages, while in B. Breutelii ((642) p. 359) the gonimoblast- 
threads end in large oval or spindle-shaped bodies (fig. 235 F, g) 
divided by delicate septa into 3-6 cells. In the germination of these 
propagules (fig. 235 G) the end -cells grow out into threads. 


The Gelidiales 


Earlier researches on the sexual reproduction of these forms ((68) 
p. 57, (s86) p. 228) are supplemented by Kylin's investigation of 
Gelidium cartilagineum ((387) p. 25), upon which the following account 
is essentially based. The antheridia (cf. also (8s) p. 262) form elliptical 
sori behind the tips of the younger fronds. They are cut off singly 
from the mother-cells (fig. 236 E, an), although a second antheridium 
is sometimes formed below the first (cf. Martensia, p. 701). 

In the female plant carpogonia develop just behind the tip within 
a median fertile tract, which occupies a shallow depression as a result 
of rapid growth in thickness of the marginal portions of the flat 
thallus. Later, when formation of carpogonia ceases, the fertile de- 
pression comes to lie behind the apex (fig. 236 A,/) surrounded by 
sterile tissue. The fertile tract (fig. 236 B) is occupied throughout its 
length by an axial plate (ax) of large cells, which includes the original 
axial cells and is extended parallel to the surface. Each cell of the 
plate (fig. 236 C) cuts off, on either surface of the frond, pericentrals 
(p), many of which give rise to three-celled carpogonial branches (cp), 
in which the two lower cells bear ordinary laterals (/) forming the 
cortex (co) of the fertile tract. The clavate trichogyne (t) of the 
carpogonium (cp) projects beyond the surface. 

The pericentrals also produce small-celled branches (fig. 236 C, 
nu), which form a loose nutritive tissue (fig. 236 G, H, nu) around the 
large cells (a) of the axial plate. The entire complex of carpogonia and 
nutritive tissue, forming the fertile tract, constitutes a procarp 

and gives rise to a single fruit; fertilisation of only one of the many 
carpogonia suffices for further development. A single gonimoblast 
(fig. 236 D, arises from the inner side of the fertilised carpogonium, 
many of its branches (fig. 236 G, g) penetrating among the cells of the 
nutritive tissue (nu), which no doubt provides material, although no 
fusions occur. Other branches of the gonimoblast, more or less 
perpendicular to the axial complex, bear terminal carposporangia 
(fig. 236 B, G, ca). As development proceeds, the outer cortex (oc) 
of the fertile tract is gradually elevated by elongation of the inner 
cortical cells (ic) so that the mature fruit constitutes a swelling on the 
frond (cf. fig. 155 A, cy). In transverse section it exhibits two im- 
perfectly separated compartments (fig. 236 B), which communicate 
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Fig. 236. Gelidium cartilagineum Gaill. (after Kylin). A, apex of female frond, 
with the fertile area (/); B, mature fruit in transverse section; C, longitudinal 
section of frond, with mature carpogonium; D, formation of gonimoblast; 
E, F, antheridial development; G, gonimoblasts with young carpospores; 
H, nutritive filaments; I, young sporangium; J, longitudinal section, with 
mature tetrasporangia. a, axial cell; aw, antheridia; ax, axial plate of fertile 
zone; ca, carposporangia ; co, cortex; cp, carpogonium; g, gonimoblast; 
iCy inner cortex; /, lateral; m, antheridial mother-cell; nu, nutritive cells or 
threads; oc, outer cortex; p, pericentral; po, pore; sp, tetrasporangium ; 
tf trichogyne. 
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with the exterior by a median aperture {po). In Pterocladia ((68) p. 59, 
(205) p. 96) the fruits are unilateral swellings with a single compart- 
ment and a single aperture; here the carposporangia are in short 
chains. The general course of development appears to resemble that 
of Gelidium. 

Tetrasporangia are usually borne on distinct individuals within 
branches of the fronds that are often dilated and flattened (fig. 155 A, t). 
The sporangia develop from terminal cells of laterals (fig. 236 I, sp) 
and later appear embedded in the surface-tissues (fig. 236 J, sp). In 
Gelidium and Pterocladia the sporangia are irregularly arranged, 
while in Gelidiella^ in which sexual plants are unknown, they are 
disposed in transverse series. The tetraspores are usually cruciate, 
but in Gelidiella they are frequently tetrahedral ((204) p. 529, (205) 
P-94)- 

The Gelidiales were formerly included among Nemalionales, but 
were segregated by Kylin ((387) pp. 28, 115) owing to their probable 
diplobiontic character. The absence of auxiliary cells distinguishes 
them from other diplobiontic Florideae. The behaviour of the goni- 
moblast is similar to that found in Naccariaceae, and especially 
Naccaria (p. 616), but the compound procarps and the mode of fruit- 
development associated with them are very distinctive. 

4. The Diplobiontic Type among Cryptonemiales 

Like all diplobiontic Florideae, apart from Gelidiales, the Crypto- 
nemiales possess auxiliary cells, which are here sometimes situated at 
some distance from the carpogonia (fig. 224 A). Connection between 
the two is established by means of one or more septate, and often 
branched, connecting filaments {co). At each point of fusion between 
the cell of a connecting filament and an auxiliary cell gonimoblasts are 
usually produced (fig. 240 C, G) and, in certain Cryptonemiales (e.g. 
Act osymphy turn) y the same connecting filament can fuse with a number 
of auxiliary cells, so that a single act of fertilisation results in the 
formation of several groups of carposporangia (fig. 240 G). In all 
Cryptonemiales both the carpogonial branches and the auxiliary cells 
are borne on special accessory laterals and not on those composing 
the vegetative system. 

{a) The Sexual Phase in the non-nemathecial Types 

In Gloeosiphonia ((68) p. 42, (389) p. 10, (499) p. 109, (586) p. 230, (634) 
p. 12) and its allies auxiliary cells and carpogonia are borne on the 
same branch-system (cf. Endocladiaceae, p. 634), which arises (fig. 
237 A, B) from the under side of the basal cell {b) of a lateral ; all the 
basal cells of a whorl may be fertile. The three-celled carpogonial 
branch {cp) includes a large hypogynous cell {hy) and arises from the 
first or second cell (su) of the fertile axis (fa). The fifth cell beyond 
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Fig. 237. A-E, G-I, Gloeosiphonia capillaris Carm.; A, fertile system with 
two carpogonial branches; B, ditto with one carpogonial branch; C, develop- 
ment of connecting filaments; D, E, fusion between connecting filament and 
auxiliary cell; G, the same, formation of gonimoblast-initial (gt); H, young 
gonimoblast; I, antheridia. F, Thuretella Schoushoei (Thur.) Schmitz, young 
procarp. J, Gloeopeltis furcata (Post. & Rupr.) J. Ag., fertile system with three 
carpogonial branches and a single auxiliary cell, 1-6 the successive cells of 
the fertile axis. K, Schimmelmannia ornata (Schousb.) Kiitz., procarp after 
fertilisation, a, auxiliary cell; ab, auxiliary cell branch; aw, nucleus of 
auxiliary cell; at^ antheridia; 6, basal cell of primary lateral; carpogonial 
branch; to, connecting filament; cp, carpogonium; dn, diploid nucleus; 
/a, fertile axis; g, gonimoblast; gf, gonimoblast-initial; /ly, hypogynous cell ; 
/, lateral; m, antheridial mother-cell; sUy supporting cell; t, trichogyne; 
X, cells of fertile axis that fuse with the auxiliary cell. (D, E after Oltmanns; 
the rest after Kylin.) 
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that bearing the carpogonial branch functions as an intercalary 
auxiliary cell (a), while the rest of the fertile a^is is deflected;^ the 
cells below the auxiliary cell bear short branches (fig. 237 B). The 
antheridia (fig. 237 I, at) form small superficial sori on the same 
individuals, the mother-cells {m) arising from the tips of the laterals 
(cf. also (ss8) p. 278). 

The fertilised carpogonium (fig. 237 C) produces two branched 
connecting filaments (co), each containing a product of the zygote- 
nucleus. They grow in opposite directions towards adjacent auxiliary 
cells, but do not necessarily connect with that on the same branch- 
system ((634) p. 14). After fusion the connecting filament may con- 
tinue to grow (fig. 237 D) towards other auxiliary cells. At the point 
of contact the membranes are dissolved so that there is free com- 
munication between the connecting and auxiliary cells (fig. 237 D, E), 
and thereupon the diploid nucleus {dn) passes into the latter (a). As 
in all diplobiontic Florideae that have been carefully studied, the 
nucleus of the auxiliary cell {an) remains quite distinct and there is 
nothing of the nature of a nuclear fusion. Soon after (fig. 237 G) both 
the diploid nucleus and that of the auxiliary cell {an) divide. One of 
the diploid nuclei thereupon passes into an outgrowth of the auxiliary 
cell which becomes cut off as the gonimoblast-initial {gi\ “central 
cell ” of Oltmanns), while the other three nuclei {any dn) remain in the 
auxiliary cell. The initial gives rise to a few branching threads (fig. 
237 H, g)y all the cells of which become carposporangia {ca). Mean- 
while the initial itself {gi) fuses with the auxiliary cell («), while the 
latter fuses with the underlying cell (a:) of the fertile branch (cf. also 
fig. 237 G). The carpospores are embedded among the photosynthetic 
laterals. 

In Thuretella ((69) p. 185,^ (284) p. 67, (389) p. 12) the fertile axis (fig. 
237 F, fa) is reduced, the second cell alone producing a lateral, which 
consists of three cells. The middle one is the auxiliary cell (a), whilst 
the basal one {su) bears the three-celled carpogonial branch, which is 
bent in such a way that the carpogonium {cp) lies adjacent to the 
auxiliary cell. If the lateral is interpreted as the termination of the 
fertile axis and the sterile part beyond as a branch, the relative positions 
of carpogonial branch and auxiliary cell would be similar to those in 
Gloeosiphonia. In Schimmelmannia ((389) p. 16) the first (fig. 237 K) or 
second cell of the fertile axis constitutes the supporting cell {su) of the 
carpogonial branch {cb) and bears a further lateral {ah) terminated by 
the auxiliary cell {a). 

The fertilised carpogonium of Schimmelmannia divides transversely 
(fig. 237 K, cp)y the upper cell cutting off a connecting cell {co) which 
fuses with the adjacent auxiliary cell {a). In Thuretella there is no such 
connecting cell and the carpogonium fuses directly with the auxiliary 

^ Oltmanns regards the auxiliary cell as terminal and the part beyond as a 
branch. 

* As Crouania Schoushoei. 
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Fig. 238. A-C, Endocladia muricata (Post. & Rupr.) J. Ag. ; A, mature pro- 
carp, with two carpogonial branches (j, 2); B, young gonimoblasts ; C, section 
of antheridial sorus. D, E, Callymenia reniformis (Turn.) J. Ag. ; D, mature 
procarp with two carpogonial branches (j, 2) ; E, ripe fruit, a, auxiliary cell ; 
attf antheridium ; 6, basal cell of fertile branch ; ca, carposporangia ; cp, carpo- 
gonium; g, gonimoblast; gi, gonimoblast-initial ; /?, hyphae; la^ lateral; 
m, antheridial mother-cell; 0, aperture of cystocarp; su^ supporting cell; 
tf trichogyne. (After Kylin.) 

development of the gonimoblast in both genera takes place as in 
Gloeosiphonia, In Thuretella the groups of carpospores (fig. 152 E, ca) 
become enveloped by threads arising from cells of the fertile lateral. 

The close juxtaposition of carpogonium and auxiliary cell in 
Thuretella (fig. 237 F), which warrants the designation (p. 60 1), 
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is likewise encountered in the Endocladiaceae {Endocladia, fig. 238 A; 
Gloeopeltisy fig. 237 J) and Callymeniaceae {Callymenia^ fig. 238 D; 
Callophyllis, etc.). The reproductive systems, and particularly that 
of Callymeniaceae, show distinct resemblances to those of Gigarti- 
nales ((387) p. 116, (393) p. 4) and especially of Gigartinaceae. The 
auxiliary cell is always intercalary. Although the immediate post- 
fertilisation stages are unknown, connecting filaments are, as in 
Thuretella, probably lacking. 

In Gloeopeltis ((389) p. 17, (634) p. 9) the auxiliary cell (fig. 237 J, d) 
is one of the lower cells of the fertile axis (j-d), while the supporting 
cells (su) of the several two-celled carpogonial branches {cp) are 
laterals. Gloeosiphonia also occasionally produces more than one 
carpogonial branch on the same supporting cell (fig. 237 A). In 
Endocladia (fig. 238 A) the auxiliary cell {a) is situated in one of the 
two carpogonial branches (j, 2), while in Callymenia reniformis (fig. 
238 D) the large supporting cell {su) of the procarp functions also as 
an auxiliary cell. It bears a number of laterals {la), some of which 
constitute three-celled carpogonial branches (j, 2) with a very large 
basal cell {b), whilst others are represented by this cell alone ; there are 
wide pit-connections between the basal cells and the auxiliary cell. 
After fertilisation the cells surrounding this procarp of Callymenia 
form numerous hyphae, which constitute a nutritive tissue (fig. 238 
E, h) into which the branches of the gonimoblast extend. The swollen 
fruits contain several groups of small carpospores {ca) interspersed 
among the hyphae (cf. Gigartinaceae, p. 672). A definite aperture (0) 
is usually formed in the overlying cortex. These features are found in 
all Callymeniaceae (cf. also (409)). 

The fertile system of Endocladia ((387) p. 42) takes the place of one 
of the accessory branchlets (p. 484) and consists (fig. 238 A) of a basal 
cell {b) bearing two laterals (r, 2), one of which includes the auxiliary 
cell {a). Several gonimoblast-threads (fig. 238 B, g) arise from the 
auxiliary cell after fertilisation and penetrate among the inner cells of 
the thallus, with which they enter into communication (cf. also (716)). 
The antheridia (fig. 238 C, an) are formed in rows and constitute small 
irregular sori on the younger parts of the male plants; the elongate 
mother-cells (m) are produced in pairs from the surface-cells. 

The above-described procarps of Callymenia ((387) p. 59) arise from 
hypodermal cells which gradually become embedded by division of the 
superficial cells. In other Callymeniaceae the fertile system is simpler. 
Thus, in Callophyllis obtusifolia ((94) p. 82, (387) p. 57),^ Callocolax 
neglectus ((29) p. 316, (389) p. 32), and Euthora cristata ((389) p. 31) the 
supporting (auxiliary) cell bears only a single carpogonial branch. 
According to Kylin the gonimoblast-threads arise from the basal cell 
of the carpogonial branch in Callymenia, although in other Cally- 


' See also Smithes account (648) of Callophyllis laciniata Kiitz. {Rhodymenia 
laciniata Grev. <'276) pi. 121). 
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meniaceae they originate from the auxiliary cell. In Callophyllis 
laciniata the fruits occupy the minute marginal outgrowths of the 
thallus. The antheridia of Callymeniaceae are imperfectly known. 

In diverse Cryptonemiales carpogonia and auxiliary cells are pro- 
duced on distinct branch-systems, as for instance in the multiaxial 
Grateloupiaceae. In Grateloupia jilicina ((39) p. 10, (389) p. 20) these 
systems (fig. 239 A-C) arise at the boundary between inner and outer 
cortex and each produces a number of simple laterals (/). The two- 
celled carpogonial branch (fig. 239 A, B, cp)^ the hypogynous cell {hy) 
of which itself bears a lateral (5), is borne on one of the lower cells [su) 
of the fertile axis (j, 2), while the large intercalary auxiliary cells 
(fig. 239 C, a) occupy a comparable position. The fertilised carpo- 
gonium (fig. 239 F, G) produces several connecting filaments (co) 
which, after fusion with an auxiliary cell (a), form a gonimoblast- 
initial in the same way as in Gloeosiphonia. The richly branched 
gonimoblast bears several distinct groups of carposporangia (so- 
called gonimolobes^ fig. 239 E) which are embedded in the thallus ; a 
definite aperture (o) is formed in the overlying cortex. 

Other Grateloupiaceae differ only in minor respects, although the 
data are less complete; see Sjostedt's ((634) pp. 16, 20) investigation of 
Cryptonemia borealis and Prionitis lanceolata^ (fig. 239 D), also 
Halymenia ((39) p. 1 1 , (67) p. 159). In Cryptonemia the branches bearing 
carpogonia and auxiliary cells become surrounded by a loose envelope, 
which is also indicated in Grateloupia. The carpospores seem always 
to escape through well-defined pores in the cortex. 

Comparison of the fertile systems of Gloeosiphonia and Grateloupia 
shows that they differ mainly in the segregation of carpogonial 
branches and auxiliary cells in the latter. The same feature is found 
in Dumontiaceae, but here the carpogonial branches include special 
nutritive cells, with which the connecting filaments fuse before they 
grow onwards to the auxiliary cells proper. 

A good illustration is afforded by Acrosymphytum purpuriferum 
(Dudresnaya purpurifera, p. 457), which has been repeatedly studied 
((67) p. 155, (202) p. 284, (389) p. 22, (499) p. loi, (586) p. 230, (634) p. 8). 
The carpogonium, which has a long spirally coiled trichogyne (fig. 
240 A, C, is terminal on a colourless accessory branch, arising from 
the basal cell of a lateral (^) and bearing distichous branchlets (/). 
The antheridia are formed in groups from the end-cells of the photo- 
synthetic laterals of the same plant. The fertilised carpogonium 
usually produces three connecting filaments (fig. 240 C, co), which 
primarily undergo plentiful fusion with cells of the carpogonial 
branch (fig. 224 A) and especially with the end-cells («) of the laterals ; 
these possess dense contents and constitute nutritive cells (sterile 

^ Cf. also the account of Daines ((150) p. 289) which is, however, incorrect 
in certain important particulars. 
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Fig. 239. A-C, E-G, Grateloupia; A-C, E, F, G.filtcina (Wulf.) Ag.; G, G. 
dichotoma J. G. Ag. A, young and B, mature carpogonial systems, i~3 suc- 
cessive cells of axis ; C, fertile system with auxiliary cell (a) ; E, fruit and ripe 
gonimoblast in section; F, formation of connecting filaments; G, fusion of 
connecting filament with auxiliary cell. D, Prionitis lanceolata J. Ag., fertile 
carpogonial system, successive cells of axis, a, auxiliary cell; ca, carpo- 
sporangium; co, connecting filament; cp, carpogonium; gonimoblast; 
hf hair; Ay, hypogynous cell; /, lateral; o, aperture of fruit; sterile thread; 
sUf supporting cell; f, trichogyne. (D after Sjdstedt; G after Berthold; the 
rest after Kylin.) 
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auxiliary cells of Berthold (39) p. 14). Subsequently the connecting 
filaments penetrate for considerable distances among the vegetative 
laterals until, probably as a result of a chemotropic stimulus, they 
make contact with an auxiliary cell (fig. 240 C, *). The auxiliary cells, 
which are distinguished by dense contents and scanty pigmentation, 
terminate unbranched accessory laterals (fig. 240 B, a), arising in the 



Fig. 240. Acrosymphytum purpuriferum (J. Ag.) Kyi. A, carpogonial branch; 
B, auxiliary cell branch; C-F, fusion of connecting filaments with auxiliary 
cells and formation of gonimoblast-initial ; G, two mature gonimoblasts. 
a, auxiliary cell; aby auxiliary cell branch; aw, auxiliary cell nucleus; by basal 
cell of primary lateral; ca, carposporangia ; cby carpogonial branch; co, con- 
necting filament; cpy carpogonium; </w, diploid nucleus; giy gonimoblast- 
initial ; /, lateral ; Sy spermatium ; sty sterile cell of gonimoblast ; ty trichogyne ; 
* (in C), point of fusion between connecting filament and auxiliary cell. 
(A, B, D after Kylin; C, E, F after Oltmanns; G after Bornet & Thuret.) 

same position as the carpogonial branches, but more numerous than 
the latter (cf. fig. 240 C). 

Contact between connecting filament and auxiliary cell is followed 
in the usual way by the establishment of cytoplasmic continuity (fig. 
240 D). Here, however, the connecting cell gives rise to the gonimo- 
blast-initial (fig. 240 C, F, gi) which is cut off on the side opposite to 
the auxiliary cell; successive stages are shown diagrammatically in 
fig. 224 B, D, and C. The gonimoblast-initial produces a compact 
group of branches (fig. 240 G) and all the cells except for the basal 
one (5^) produce carpospores. Meanwhile the connecting filament 
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continues its growth towards other auxiliary cells (fig. 240 C), a 
septum separating the fusing portion from the growing tip beyond. 

A comparable method of carpospore-formation is met with in other 
Dumontiaceae. Details are available for Dudresnaya coccinea^ ((67) 



Fig. 241. Dudresnaya coccinea (Ag.) Crouan (after Kylin). A, young carpo- 
gonial branch; B, C, mature carpogonial branches; D, fusion of connecting 
cells with nutritive cells ; E, G, origin of secondary connecting filaments {co ') ; 
F, auxiliary cell branch ; H, fusion between connecting filament and auxiliary 
cell; I, J, formation of gonimoblast-initials (gi)\ K, » young gonimoblast. 
a, auxiliary cell ; auxiliary cell nucleus ; ch, carpogonial branch ; co, primary 
and co\ secondary connecting filaments; cpy carpogonium; dw, diploid 
nucleus; giy gonimoblast-initial ; nucleus; wm, nutritive cells; ty trichogyne. 

p. 158, (68) p. 35, (387) p. 32, (499) p. 106), Dumontia incrassatu ((183) 
p. 440, (380) p. II, (492) p. 65, (558) p. 157, (s86) p. 230), Thuretellopsis^ 
((383) p. 14), Cryptosiphonia Woodii ((389) p. 24, (634) p. 4) and Dilsea 

^ Cf. also D. crassa ((314) p. 572). 

2 Vegetatively just like Thuretella. 
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edulis ((554) p. 20, (558) p. 160). The branches bearing auxiliary cells are 
always more numerous than those with carpogonia, and both usually 
originate from the basal cells of the laterals; they exhibit little or no 
branching (figs. 241 A-C, F ; 243 A). In Dumontia (fig. 242 A, B) they 
arise from the cells composing the longitudinal branches of the primary 
laterals. A difference from Acrosymphytum is constituted by the inter- 
calary position of the nutritive cells within the carpogonial branches 
(figs. 241 B, C; 242 D ; 243 A, nu). The latter are curved in such a way 
that the carpogonium (cp) lies close to the cells in question. The 
auxiliary cells occupy a similar intercalary position, although their exact 
location varies (cf. figs. 241 F, a; 242 F, ax). 

In Dudresnaya the fertilised carpogonium divides to form a two- 
celled connecting filament (fig. 241 D, co) which fuses with the adjacent 
nutritive cells (nu). Most of the cytoplasm accumulates in the connect- 
ing cells (fig. 241 E), which soon give rise to longer filaments (fig. 241 
E, G, co'). In Dumontia (fig. 242 B) the carpogonium (cp) usually fuses 
with the third cell {nu) of its branch, although more than one cell (fig. 
242 E,/m) may be involved ((558) p. 157); two or three connecting fila- 
ments (fig. 242 D, E, co) then arise from the nutritive cell. Much the 
same occurs in Cryptosiphonia (fig. 243 B) and Thuretellopsis. 

Both in Dudresnaya and Dumontia the auxiliary cell develops a short 
process, which fuses with the connecting filament and receives a diploid 
nucleus from it (fig. 241 H). Two or three gonimoblast-initials (figs. 
241 I, J, gi \ 242 F) are cut off from this process, i.e. from the auxiliary 
cell. The connecting filaments for the most part seek out a number of 
•successive auxiliary cells, but this is stated to be unusual in Dumontia. 
As in Acrosymphytum y most of the cells of the gonimoblast-threads 
produce carpospores (figs. 241 K; 242 F). No protective envelope is 
organised, the carpospores lying embedded in slight swellings on the 
thallus. 

The male plants of Dudresnaya (cf. also (85) p. 259) and Dumontia 
((183) p. 437, (258) p. 233, (558) p. 157) arc smaller than the female, and 
in Dumontia almost the entire surface may become fertile. Each mother- 
cell (fig. 242 G, m) produces successively three antheridia (a). 

In Grateloupiaceae and Dumontiaceae the branches bearing carpo- 
gonia and auxiliary cells respectively are clearly homologous, and in 
Dumontiaceae the nutritive and auxiliary cells occupy comparable 
positions within them. There is also considerable similarity with 
GloeosiphoniUy and the two families under discussion could be re- 
garded as divergent evolutionary series from a generalised type pos- 
sessing carpogonia and auxiliary cells on the same branch-system. 
In Grateloupiaceae (cf. (387) p. 116) complete separation of the two 
structures has taken place, while in Dumontiaceae auxiliary cells still 
persist in the carpogonial branches and function as nutritive cells. 
From this point of view Berthold’s designation of them as “sterile 
auxiliary cells is quite apposite. It is also noteworthy that in 
Dumontia ((380) p. 12) the auxiliary cell branches lack the terminal cell 
which, on the carpogonial branches, develops into the female organ. 
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In support of the view that a type comparable to Gloeosiphonia may 
have constituted the starting-point for the evolution of these two 
series, it may be recalled that the cells functioning as auxiliary cells in 



Fig. 242. Dumontia incrassata Lamour. A, three young fertile (carpogonial 
or auxiliary) branches in longitudinal section of thallus; B, mature carpo- 
gonial branch ; C, young fertile branch ; D, formation of connecting filaments 
(somewhat diagrammatic); E, the same; F, mature gonimoblast; G, anthe- 
ridial development, a, antheridium; ax, auxiliary cell; ca, carposporangia ; 
cb, carpogonial branch; co, connecting filament; cp, carpogonium ; /, fertile 
(accessory) branches; fu, fusion-cell; /, lateral; m, antheridial mother-cell; 
nu, nutritive cells; sa, secondary antheridium; t, trichogyne. (E after Rosen- 
vinge; G after Grubb; the rest after Kylin.) 

some of the advanced haplobiontic forms invariably occur in an inter- 
calary position in the carpogonial branch (cf. also (678) p. 47). 

In the genera above considered the diploid nucleus from the con- 
necting filament usually passes into the auxiliary cell, and, as in most 
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diplobiontic Florideae, it is from the latter that the gonimoblast- 
initials are formed. Acrosymphytum is exceptional in that the initial 
is formed from the connecting filament (fig. 240 F, G), within which 
the diploid nucleus {dn) remains after fusion with the auxiliary cell. 
An analogous condition is seen in Cruoria and Petrocelis (Cruoriaceae), 
although here (fig. 243 G) the initials {gi) do not arise at the point of 
fusion with an auxiliary cell. Kylin ((387) p. 115, (389) p. 98) regards 



Fig. 243. A, B, Cryptosiphonia Woodii J. Ag. ; A, carpogonial branch; B, 
formation of connecting filaments. C, D, Petrocelis Hennedyi (Harv.) Batt., 
carpogonial branches. E-H, Cruoria pellita (Lyngb.) Fries; E, young and 
F, mature carpogonial branches; G, formation of gonimoblast-initials (gi); 
H, mature gonimoblast. cbj carpogonial branch; co, connecting filament; 

carpogonium; e, erect thread of crust; gonimoblast; gt, gonimoblast- 
initial; /, lateral; «m, nutritive cells; t, trichogyne. (C, D after Rosenvinge; 
the rest after Kylin.) 

these genera as primitive/ but their vegetative structure does not lend 
support to such a view and there is little in their reproduction to 
favour it. They are just as likely to be specialised forms. 

In Cruoria pellita ((387) p. 31, (558) p. 182) the 2-3 -celled carpogonial 
branches (fig. 243 E, F) are borne on a lower cell of an erect thread (e). 
The thick connecting filaments (fig. 243 G, H, co) extend parallel to the 
surface of the crust and fuse with certain little differentiated middle 

^ Kylin ((393) p. 76) at one time regarded the Cruoriaceae as the lowest 
members of Gigartinales, but he appears since ((400) p. 217) to have abandoned 
this view. 
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cells of the erect threads. The gonimoblast-initials (fig. 243 arise 

from diverse points on the outer or inner sides of the connecting 
filaments and develop into little-branched threads (fig. 243 S) 
which all the cells become carposporangia. 

Petrocelis Hennedyi ((ssS) p. i 77 » (s^^) p. 230) has similar carpogonial 
branches (fig. 242 C, D) and here the cells with which the connecting 
filaments fuse are somewhat swollen and stain readily. The antheridia 
in both genera ((ssS) pp. i77, 182) are produced at the tips of one- 
(rarely two-) celled branchlets arising from the upper cells of the erect 
threads. 


{b) The Sexual Phase in the Nemathecial Types 

In the Rhizophyllidaceae and Squamariaceae the fertile branches are 
confined to special nemathecia which form irregular cushion-like 
swellings on the thalli (fig. 17^ ^)* Those of Polyides rotundus ((380) 

p. 17, (586) p. 230, (692) p. 77) are found upon the younger branches 
in late summer and autumn and are shed after the escape of the spores 
((ss8) p. 173). In section (fig. 244 A) they show a dense aggregate of 
sterile and fertile threads, which grow out vertically from the surface- 
cells of the thallus (fig. 244 H). The little-branched sterile threads (s) 
overtop the unbranched fertile ones (/), which terminate in a carpo- 
gonium (cp) cut off by an oblique septum ; the spirally coiled tricho- 
gyne (/) alone projects beyond the surface of the nefnathecium. 

The post-fertilisation stages resemble those of Dumontiaceae. The 
single connecting filament, after fusing with certain cells of the carpo- 
gonial branch, gives rise to several secondary filaments (fig. 244 D, 
co) which ramify among the threads composing the nemathecium. 
The auxiliary cells (fig. 244 C, D, a), which are intercalary in the 
sterile threads, develop a lateral process (/>), with which the tip of a 
connecting filament fuses; subsequently the latter may continue its 
growth. The gonimoblast (fig. 244 C, g)y which arises from the con- 
necting filament (cf. Acrosymphytum), bears short, densely packed 
branches forming carposporangia {ca) terminally, and each nema- 
thecium contains a considerable number of these sporogenous groups 
(fig. 244 D). In Rhizophyllis only mature nemathecia are so far 
known. 

The male nemathecia of Polyides appear as small white cushions 
((380) p. 19, (586) p. 233, (692) p. 76) composed of colourless threads 
(fig. 244 G), in which the upper cells cut off 2-4 pericentrals consti- 
tuting mother-cells {m) ; each generally produces three antheridia (an). 

In Peyssonnelia ((383) p. 27, (387) p. 35, (ss8^ p. 194, (586) p. 232) the 
fertile threads (fig. 244 B, /) are laterals on the lowest cell of the sterile 
threads (s) composing the nemathecium. The carpogonium (cp) is cut 
off obliquely so that its lower end is adjacent to the hypogynous 
(nutritive, nu) cell with which it fuses after fertilisation. The connecting 
filament (fig. 244 F, co) grows more or less horizontally towards the 
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Fig. 244. A, C, D, G, Polyides rotundus (Gmel.) Grev.; A, vertical section 
of nemathecium, with two fertile branches (/); C, gonimoblast in section; 
D, ditto, from the surface ; G, antheridial development. B, E, F, H, Peysson- 
nelia Dubyi Crouan ; B, vertical section of nemathecium with carpogonial and 
auxiliary cell branches; E, antheridial development; F, fusion between con- 
necting filament and auxiliary cell; H, early development of nemathecial 
threads (shaded), a, auxiliary cell; an^ antheridium; ca, carposporangia ; 
cOf connecting filament ; cpy carpogonium ; /, fertile thread of nemathecium ; 
g, gonimoblast; m, antheridial mother-cell; nu, nutritive cell; p, process of 
auxiliary cell; sterile thread of nemathecium; ty trichogyne. (After Kylin.) 
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auxiliary cell (a), which is constituted by the second lowest cell of its 
branch (fig. 244 B, a). The few cells of the gonimoblast all become 
carposporangia and the mature nemathecia usually contain numerous 
groups of carpospores. The antheridial branches ((358) p. 393 * (5s8) 
p. 194) either occur in special nemathecia or interspersed in the female 
ones; the antheridia are formed in essentially the same way as in 
Polyides (fig. 244 E). 

Cruoriopsis ((31) p. 388, (S3) p. u, (202) p. 298, (558) p. 184, (584), (727) 
p. 262; incl. Plagiospora ((358) p. 593) differs chiefly from Peyssonnelia 
in the absence of nemathecia, the diverse reproductive organs being 
borne terminally or laterally on the erect threads of the crust. 

(c) Corallinaceae 

The Corallinaceae exhibit specialisation in sexual reproduction, no 
less than in vegetative organisation. Except in the uncertain endo- 
phytic genus Schmitziella (28), the sex organs are invariably produced 
within conceptacles of diverse shape (figs. 245 I ; 246 ; 247 A), which 
are either sunk in the thallus or project to a marked extent. They arise 
by the arrest of growth in a certain region which is gradually over- 
arched by the adjacent tissue. The floor of the conceptacle, consti- 
tuting the so-called disc^ thus represents the original surface-layer 
and usually consists of cells with dense contents. It is these that 
divide to form the short vertical threads, upon which the sex organs are 
produced. The conceptacle is therefore a nemathecium which is over- 
grown by the surrounding tissue. Many Corallinaceae are dioecious, 
although Corallina ruhens and some Melobesias are monoecious. 

The development of the conceptacles, described in detail in Corallina 
mediterranea by Solms-Laubach ((652) p. 32; cf. also (659) p. 31, (692) 
p. 94), probably takes place in much the same way in other species of 
the genus. The apex of the segment broadens and the layer of thicken- 
ing covering the apical cells (p. 474) is thus disorganised. This is 
followed by the development of a marginal upgrowth (fig. 250 A, «?), 
which gradually bends inwards (fig. 250 B) until only a small aperture 
remains (fig. 245 I). During the development of the conceptacle the 
outer walls of the elongate cells composing the disc (fig. 250 A, d) 
become strongly thickened, while the outermost layers {pr) undergo 
calcification so that the floor is covered by a continuous layer of lime, 
separated from the underlying cells by a stratum of mucilage (w). The 
latter gradually increases in amount, thus raising the layer of lime (fig. 
250 B) and ultimately causing its rupture. 

The raised conceptacles of Melobesia occupy parts of the crust which 
consist of several layers of cells. In M. limitata ((659) p. 15) and others 
the disc is constituted by the second layer (fig. 246 A, G, d) and, as these 
cells divide to form the fertile threads (/), the cover-cells (r) are carried 
up and gradually cast off ; the lid of the conceptacle is formed by division 
and elongation of the surrounding cells. Much the same occurs in 
Lithophyllum and Lithothamnion, The broad and often completely em- 



Fig. 245. Corallina; E, C. rubens Ellis & Soland. ; F, C. virgata Zanard. ; 
I, C. mediterranea Aresch. ; the others C. officinalis L. A-D, diverse develop- 
ments of procarps ; E, fusion-cell (/«) in vertical section, with carposporangia 
and remains of procarps; F, the same from the surface; G, H, J, antheridial 
development; I, vertical section of male conceptacle; K, diagram of simplest 
type of procarp found in Corallina, a, auxiliary cell; ca^ carposporangia; 
cpy carpogonium ; dy disc-cell ; /, fertile layer in male conceptacle ; fu, fusion- 
cell; giy gonimoblast-initial ; hyy hypogynous cell; m, antheridial mother-cell; 
Tiy nuclei ; />, remains of procarps ; pay paraphyses ; r, rudiment of carpogonial 
branch; s, spermatium; ty trichogyne. (F after Solms-Laubach; I after 
Thuret & Bornet; the rest after Suneson.) 

markedly raised ((215) p. 10, (41s) p. 54, (6so) p. 64). The male con- 
cep tacles of Melohesia and Lithophyllum are smaller than the female and 
the aperture is often prolonged into a mucilage-tube ((ssS) p. 242, (659) 
p. 1 1, (720) p. 367). In Epilithon ((387) p. 37, (659) p. 60) the fertile threads 
are formed by division of the cells of the basal stratum (fig. 246 C, D, 
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F, h) and, as they develop (/), the strongly calcified superjacent layers 
(u) are thrown off. The conceptacles of Choreonema (p. 582) first appear 
within the cortex of the host as fan-shaped groups of threads (fig. 247 
A, c6) terminal on one of the endophytic filaments ((455), (652) p. 54, 
(692) p. 98), the end-cells being provided with mucilaginous caps. The 
wall of the conceptacle is largely formed by tabular cells (c) cut off 
tangentially from the peripheral threads, although near the aperture 
some of the inner threads (i) are involved. 

In the female conceptacles ((659) p. 76) the fertile threads (fig. 246 
A, F, /) are confined to the floor. The cells of the disc (d) divide and 
the upper half produces the procarp (fig. 245 D) ; occasionally two or 
more procarp rudiments are formed from a single disc-cell. The de- 
velopment of the numerous procarps takes place centrifugally, but 
as a rule only the central ones mature (fig. 246 A, F). The trichogynes 
are usually elongate and project from the aperture of the conceptacle 
(figs. 246 A*; 247 A). Recent investigations ((387), (455), (659) ; cf. also (586) 
p. 234)^ indicate that the basic type of procarp in Corallinaceae (fig. 
246 H) consists of a basal (auxiliary) cell (a) bearing two 2-celled 
carpogonial branches (j, 2), as well as an imperfect median rudiment 
(r) ; the nearest approach to this is found in some Melobesias and in 
Amphiroa rigida ((659) pp. 9, 49). One of the carpogonial branches is, 
however, often represented only by a single cell (fig. 246 I) or, like 
the median rudiment, may be completely suppressed (fig. 245 K). 

The auxiliary cell may likewise bear three branches in Lithophyllum 
expansum ((659) p. 22) and Corallina ((652) p. 39,2 (659) p. 31 ; fig. 245 C, 
D), but here only one (cpi) develops into a complete carpogonial 
branch, while one (fig. 245 A, B) or both of the others (cf. fig. 245 K) 
may be suppressed. The last condition is typical of Choreonema ((4ss) 
p. 12) (fig. 247 B), where the single two-celled carpogonial branch 
\cp) surmounts an auxiliary cell (a), the tip of which is produced and, 
like the median rudiment in the other types, lies adjacent to the 
carpogonium. In the procarps of Lithothamnion ((482) p. 345, (659) 
p. 64) and Epilithon ((387) p. 37) this protrusion is lacking so that the 
auxiliary cell appears as the basal cell of a three-celled carpogonial 
branch (fig. 245 K). The preceding account is based on that of 
Suneson(6s9), who interprets the diverse stages as a reduction series. 

In Choreonema (fig. 247 A) all the procarps of a conceptacle are 
fully differentiated, but in Corallina the carpogonial branches in the 
marginal procarps remain unicellular and in Lithothamnion and 

^ For occasional data, see also (295) p. 13, (297) p. 70, (303) p. 226, (558) 
pp. 214, 230. The peculiar statements of Heydrich (298, 304) regarding the 
post-fertilisation stages in Lithophyllum and Lithothamnion y which are sum- 
marised by Pilger ((526) p. 261), have never been corroborated (cf. (659) p. 80). 
Many of Heydrich’s observations are erroneous. 

^ Solms-Laubach’s interpretation is scarcely borne out by his figures (cf. 
(455) p. 16). Yamanouchi’s ((757) p. 94) account of C. mediterranea is also at 
variance with recent observations. 



Fig. 246. A, E, G, Melobesia ; A, M. limitata (Fosl.) Rosenv. ; E, G, M. Lejolisii 
Rosanoff. A, vertical section of mature female conceptacle ; E, ditto, after 
formation of fusion-cell and carposporangia ; G, formation of .connecting 
filament {co) between carpogonium and auxiliary cell. B-D, F, Epilithon 
membranaceum (Esper.) Heydr. ; B, vertical section of female conceptacle, with 
fusion-cell and mature carposporangia; C, excentric vertical section of male 
conceptacle; D, median section of same; F, vertical section of female con- 
ceptacle, with mature carpogonia. H, I, diagrams representing the basic (H) 
and a derived (I) type of procarp, a, auxiliary cell; an, antheridia; 6, basal 
layer of thallus; fer, sterile branches; c, cover-cell; ca, carposporangia; co, 
connecting filament; cp, carpogonium; d, disc-cells; /, fertile threads; /«, 
fusion-cell; giy gonimoblast-initial ; hy^ hypogynous cell; m, antheridial 
mother-cell; p, remains of procarps; r, rudiment of carpogonial branch; 
ty trichogyne; w, roof of conceptacle. (B-D, F after Kylin; the rest after 
Suneson.) 
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Epilithon (fig. 246 F) two-celled. Fertilisation of a single carpo- 
gonium suffices for further development. The subsequent events are 
difficult to follow. In Melobesia Suneson ((659) p. 10) observed (fig. 
246 G) the outgrowth from the carpogonium {cp) of a short con- 
necting filament {co) which fused with the auxiliary cell {a) of the 
same procarp; this may well represent the usual course of events, 
although fusion with some other adjacent auxiliary cell is also 
possible. After the passage of the diploid nucleus into an auxiliary 
cell, all the auxiliary cells of a conceptacle undergo progressive fusion 
((652) p. 43), which results in the formation of a large multinucleate 
fusion-cell (figs. 245 E, F; 246 B, E,/w) bearing on its upper side the 
remains {p) of the diverse procarps. Some of the nuclei in this cell are 
commonly larger (fig. 245 E) or richer in chromatin ((757) p. 95 ) 
are probably diploid. In Lithothamnion the layer below the auxiliary 
cells also seems to enter into the formation of the fusion-cell ((659) 

p. 66). 

The gonimoblast-initials usually arise from the margin of the 
fusion-cell (figs. 245 E, F ; 246 B, E, gi) and develop into unbranched 
threads, which form large uninucleate carposporangia {ca) in basi- 
petal sequence. In certain species {Melobesia limitata^ Amphiroa 
rigida) gonimoblast-threads also originate from the upper surface of 
the fusion-cell, and this is sometimes also so in Corallina (cf. also (ssS) 
pp. 214, 273). 

In Choreonema ((45s) p. i 7 » (^59) p. 55 ) tbe stages subsequent to 
fertilisation are somewhat different. The carpogonium (fig. 247 C, cp) 
enlarges, while its hypogynous cell {hi in fig. 247 D) persists longer 
than in the adjacent procarps. The female organ (j) fuses with the 
auxiliary cell {ai) of its own procarp, but the diploid nucleus {dn) 
remains within the carpogonium. After this the latter puts out short 
connecting processes, which successively fuse with slight protuberances 
from the neighbouring auxiliary cells {a 2), and by degrees (fig. 247 E) 
all the latter are involved; the auxiliary cells finally degenerate. In 
Choreonema, therefore, the carpogonium progressively absorbs the 
contents of the auxiliary cells and ultimately appears as a large lobed 
cell (fig. 247 F), containing a number of diploid nuclei ; this forms the 
basipetal rows of carposporangia in the usual way. 

In the male conceptacles the fertile threads either occupy the floor 
only {Melobesia, Lithophyllum, Amphiroa) or also spread on to the side- 
walls {Corallina, fig. 245 I,/; Choreonema \ Epilithon \ Lithothamnion) 
(cf. (760) p. 120); in Corallina the part of the wall near the aperture 
is covered with sterile paraphyses {pa). The details of antheridial de- 
velopment are difficult to decipher, but as a general rule the cells of 
the disc seem to cut off two (sometimes perhaps more) elongate 
mother-cells^ (fig. 245 G, m), which form a dense layer ((558) pp. 242, 

^ The mother-cells in Lithothamnion Lenormandi are stated to be formed 
from systems of branched threads ((297) p. 65, (558) p. 218). 
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267, (659) p. 82, (757) p. 93); each mother-cell produces apically a 
number of, often elongate, antheridia (fig. 245 G, J, s). There is con- 
siderable ^idence that the entire antheridium functions as the 
spermatium ((652) p. 37, (659) p. 83). At the time of detachment (fig. 



Fig. 247. Choreonema Thureti (Born.) Schmitz (after Minder). A, vertical 
section of female conceptacle with mature carpogonia; B, disc-cell and 
procarp; C, procarp after fertilisation; D, fusion of carpogonium (z) with 
auxiliary cells (az, aj); E, later stage of fusion; F, fusion-cell from above, 
with remains of procarps (z-2z). a, auxiliary cell; an, auxiliary cell nucleus; 
Cf cells forming wall of conceptacle; co, threads giving rise tb conceptacle; 
cpy carpogonium ; d, disc-cell ; dn, diploid nucleus ; h and hy^ hypogynous cell ; 
hOf host; f, threads forming aperture of conceptacle; «, nuclei; t, trichogyne. 

245, H, s) its lower end is often attenuated, a feature which is very 
pronounced in Corallina (cf. also (692) p. 95); according to Suneson 
the tail is formed by a shrunken part of the wall from which the proto- 
plast has withdrawn. Recent observations afford little support for 
the view ((259) p. 182, (s86) p. 234, (652) p. 53) that the antheridia of 
Corallinaceae are formed in rows. 
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In Epilithon ((387) p. 39 , (S45) p. 59 > (ssS) p. 235, (659) p. 60) the central 
threads of the young male conceptacle consist of two cells (fig. 246 D), 
while the peripheral ones (/) are longer. The mother-cells {m) are cut off 
from the two lower cells of the fertile threads, while the upper cells 
of the peripheral ones develop branches {br) which form the roof of the 
conceptacle. Later (fig. 246 C) the two fertile layers separate to form 
a cavity lined with mother-cells (m) and roofed by the several-layered 
conceptacle-wall, which develops a narrow aperture. The mature con- 
ceptacle is filled with detached antheridia. 


{d) The Family Choreocolaceae 

Kylin ((400) p. 225) refers this family of problematical parasites (excl. 
Holmsella) to the Cryptonemiales owing to certain resemblances to 
Callymeniaceae. Both in Choreocolax ((541) p. 56, (658) p. 591) and 
Harveyella ((ssS) p. 496, (656) p. 90, (658) p. 600) the female cushions in- 
clude numerous procarps (fig. 248 A). The carpogonial branches (fig. 
248 A, C, cb) arise singly from the auxiliary cell (a) which also bears one 
{Choreocolax, fig. 248 A, s) or two {Harveyella, fig. 248 C, s) sterile 
branches. Sturch produces some evidence (fig. 248 A, middle) that the 
auxiliary cell proper {a) is cut off from the supporting cell (sw) at the 
time of fertilisation. In Harveyella the carpogonium fuses with the 
auxiliary cell (fig. 248 E, a) and this with the cells of the sterile threads 
(j) to form an irregular fusion-cell, from which the gonimoblast-initial 
{gi) is produced. Similar changes occur in Choreocolax, although here 
the carpogonium communicates with the auxiliary cell by means of 
a short connecting thread. In both genera the auxiliary cells form 
secondary pit-connections with the adjacent cells. 

The gonimoblast of Harveyella (cf. also (657) p. 36) is a richly branched 
thread (fig. 248 D, g), which spreads horizontally among the cells of the 
cushion (cf. Dermonema, etc., p. 610) and produces tufts of erect 
branches, bearing terminal carposporangia {ca). The auxiliary cell of 
Choreocolax cuts off several gonimoblast-initials which produce short 
filaments with terminal carposporangia; the mature cushions are lobed, 
each lobe harbouring a group of carpospores. In Harveyella the entire 
cushion constitutes a single fruit. 

The antheridia ((87), (656) p. 90, (657) p. 37» ^^58) p. 598) cover the 
whole surface of the male cushions ; in Harveyella (fig. 248 B, an) they 
are cut off from narrow mother-cells {m) produced by the peripheral 
cells. 

There are evident analogies to Callymeniaceae in the structure of the 
female reproductive system. At the same time, as pointed out by 
Sturch, the procarp of Harveyella resembles that of Ceramiales, 
especially if the auxiliary cell be formed after fertilisation. The other 
events succeeding fertilisation and the ripe gonimoblasts are, however, 
altogether different from what is found in the latter order. The two 
genera require further investigation. 

Holmsella {Harveyella pachy derma ( 657 ) p. 31) appears to have other 
affinities. The auxiliary cell (fig. 249 B, a), stated to be cut off after 



CHOREOCOLACEAE 


651 



Fig. 248. A, Choreocolax Polystphoniae Reinsch, section of female cushion 
showing procarps in various stages of development. B-E, Harveyella mirabilis 
(Reinsch) Schmitz & Reinke; B, antheridial development; C, procarp; 
1 ), young gonimoblast ; E, fusion of auxiliary and sterile cells, development of 
gonimoblast-initial. a, auxiliary cell; an, antheridium; ca^ carposporangium ; 
cby carpogonial branch; cp, carpogonium; /, fusion-cell; g, gonimoblast; 
gi, gonimoblast-initial; m, antheridial mother-cell; p, young procarp; s, sterile 
cell; spy spermatium; ju, supporting cell; trichogyne. (After Sturch.) 
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fertilisation, arises from one of the lower cells (b) of a peripheral cell- 
row near the usually two-celled carpogonial branch (fig. 249 A); the 
short connecting filament (fig. 249 B, co) is sometimes two -celled. 
During the development of the gonimoblast, extensive fusions take 
place between its filaments and the adjacent cells (fig. 249 C), and this 
is followed by the formation of vertical rows of carposporangia (ca). 
The antheridia are formed much as in Harveyella, This genus presents 
certain analogies with Cruoriaceae. 




Fig. 249. Holmsella pachyderma Sturch (after Sturch). A, procarps ; B, forma- 
tion of connecting filament (co); C, part of a cystocarp. a, auxiliary cell; 
bf mother-cell of same ; co, carposporangia ; cp, carpogonium ; g, gonimoblast ; 
t, trichogyne; Wy gelatinous walls of cells. 

(e) The Tetrasporangiate Phase 

In many Cryptonemiales the tetrasporangia ((39) p. 8 , (558) p. 282) are 
borne on the vegetative laterals and lie embedded in the surface- 
tissues (fig. 225 F). Some of the nemathecial forms also produce their 
sporangia in nemathecia {Peyssonneliay Constantinea)y although this 
is not so in Polyides and Rhizophyllis. The spores are for the most 
part arranged cruciately (fig, 250 H), though zonate in Dudr^snayUy 
Constantinea^ Cruoria (fig. 250 I) and Corallinaceae (fig. 250 C, E-G). 
In the production of the tetraspores four nuclei are usually formed 
before separating walls arise (fig. 250 E; (35) p. 374, (ssS) p. 213, (757) 
p. 92).. 

Transitions between the cruciate and zonate types have been recorded 
in Dumontia ((i8a) p. 279), Gloeopeltis ((634) p. ii), and Cryptosiphonia 
((634) p. 6), while according to Kuckuck ((356) p. 984) the arrangement 
of the spores in Harvey ella mirabilis is either cruciate or tetrahedral. 
In Cruoria (cf. also (358) p. 392) and Dumontia ((380) p. 14, (558) p. 156) 
the sporangia occupy the same position as the carpogonial branches (cf. 
fig. 250 I), whereas in Petrocelis ((558) p. 176) they are intercalary in the 
erect threads. Those of Polyides ((692) p. 76) arise near the inner limit 
of the outer cortex. In the nemathecia of Peyssonnelia ((387) p. 36, (ss8) 
p. 194) the sporangia are embedded among the sterile threads (fig. 250 
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H, t)\ the formation of a nemathecium terminates the growth of the 
part of the thallus involved and in the next season it becomes overgrown 
by the adjacent parts. Sporangial nemathecia are also formed in 
Endocladia ((387) p. 45), the sporangia being borne laterally on the 
lowest cell of certain of the component threads. 

Most Corallinaceae produce their tetrasporangia in conceptacles 
(figs. 162 A, te\ 250 C, G), similar to those harbouring the sex organs. 
The cells of the disc usually divide into a stalk-cell and the sporangial 
rudiment. As a general rule the sporangia are uniformly distributed 
over the floor of the conceptacle (fig. 250 C), but in Lithophyllum 
(fig. 250 G) they are commonly restricted to the periphery, while the 
raised central portion is occupied by a tuft of sterile threads {sf\ (482) 
p. 361, (526) p. 258, (659) p. 26). The greater specialisation of the latter 
genus is evident also in the structure of the procarp (p. 646; cf. 
however (415) p. 188). 

In Epilithon ((387) p. 40, (558) p. 234, (577) p. 152, (659) p. 61), 
Lithothamnion ((482) p. 344, (526) p. 255, (652) p. 51, (659) p. 68) and 
Phymatolithon ((214) p. 4, (215) p. 9; inch Eleutherospora (297) p. 68) 
there are no conceptacles, the sporangia forming sori which are em- 
bedded within the crusts (fig. 250 E, F).^ The sorus of Epilithon (fig. 
250 D) is formed by the outgrowth from the basal stratum (h) of a 
group of fertile {t) and sterile (^) threads, the terminal cells of the 
former giving rise to the sporangia (/). As they develop, the second 
lowest cell of each sterile thread undergoes great elongation (fig. 250 
E, 5), thus elevating the cells above which form a compact roof (r) to 
the sorus. The membrane of the young sporangium develops a pro- 
nounced apical thickening (fig. 250 D, a) which penetrates among the 
cells of the roof and ultimately dissolves, leaving an open channel 
(fig. 250 E, po) above each sporangium. Similar sori are found in 
Lithothamnion (fig. 250 F) and Phymatolithon ; in the latter the roof of 
the sorus is concave. In Lithothamnion the sori (fig. 180 D) usually 
become overgrown by the surrounding parts, and this may ensue so 
quickly that the tetraspores remain imprisoned within the crusts (cf. 
also (35) p. 371)- Old sori either appear as cavities within the strata 
or become filled with tissue. 

More extensive, and not such sharply circumscribed, sori occur in 
the fossil Archaeolithothamnion (Upper Cretaceous and Lower 
Tertiary (566) p. 310), as well as in the recent genus Sporolithon ((294) 
pp. 66, 415, (295)),^ which is stated to have cruciate tetrasporangia. 
The kind of sorus found in Archaeolithothamnion may well be primi- 
tive and have led to the more defined type seen in Lithothamnion and 
Epilithon which, in its turn, may have resulted in the conceptacle with 

^ Cf. also Mesophyllum (421). 

* Foslie ((215) p. 9) and others include Sporolithon in Archaeolithothamnion ^ 
a point of view which could only be substantiated if the sexual reproductive 
organs of the latter became known (cf. (296) p. 82). 
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Fig. 250. Tetrasporangia of Cryptonemiales. A-C, Corallina mediterranea 
Aresch. ; A, early and B, later stages in development of conceptacle, in 
vertical section; C, mature conceptacle. D, E, Epilithon membranaceum 
(Esper.) Heydr., vertical sections of crusts with young (D) and mature (E) 
sporangia. F, Lithothamnion lichenoides (Ellis & Soland.) Foslie, vertical 
section of crust with mature sporangia. G, Lithophyllum expansum Phil., 
vertical section of mature conceptacle. H, Peyssonnelia Dubyi Crouan. 
I, Cruoria pellita (Lyngb.) Fries. J, Melobesia Solmsiana Falkenb., germin- 
ating gemma (g). a, apical thickening of membrane; 6, basal layer of thallus; 
c, cover-cells; d, disc-cells; m, mucilage; p, paraphyses; po, pore above 
sporangium; pr^ prismatic layer of wall; r, roof of sorus; s and sf, sterile 
threads; t, tetrasporangium ; w, wall of conceptacle. (A, B, J after Solms- 
Laubach; C after Thuret & Bornet; F, G after Suneson; the rest after Kylin.) 
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a single aperture. Such a view is justified by certain similarities in 
development. Thus, in Melohesia ((545) p. 40, (659) pp. 13, 19) the con- 
ceptacle commonly consists of an aggregate of fertile and sterile 
threads, although the latter are stated ((652) p. 50) to be absent in some 
species. The roof of the conceptacle is formed partly from the sterile 
threads, and this is also so in Amphiroa and Lithophyllum ((659) 
pp. 27, 53). In diverse Corallinaceae, however, the sterile threads are 
reduced or altogether lacking and the wall of the conceptacle is 
formed entirely by upgrowth of peripheral tissue. According to 
Solms-Laubach ((652) p. 34) delicate paraphyses (fig. 250 B, p) occur 
also in the young sporangial conceptacles of Corallina. 

The diversity of the sporangial conceptacles of Corallinaceae 
renders them more useful than the sexual ones in tracing affinities. 
From the possibly primitive Archaeolithothamnion we can trace three 
lines of development, that exemplified by Lithothamnion and Epi- 
lithoriy that illustrated hy. Melohesia^ Lithophyllum and Choreonema^ 
and that including Amphiroa and Corallina, The sori of Epilithon and 
Lithothamnion are clearly homologous with the nemathecia of 
Peyssonnelia (cf. (387) p. 116, (4ss) p. 31, (586) p. 234). The affinity with 
the nemathecial Cryptonemiales is, however, probably rather remote 

(( 659 ) p. 95). 

The Corallinaceae commonly produce bispores which appear to 
occur more frequently in the encrusting forms, although recorded 
((659) p. S3) in Amphiroa rigida. Bauch ((35) p. 367) distinguishes be- 
tween obligate and facultative bisporic species, certain of the latter 
possessing distinct bisporic and tetrasporic races, in part characteristic 
of different habitats. According to Foslie ((216) p. 53; cf. however 
(41s) p. 52) bisporic species occur especially in colder seas and are 
altogether lacking in the T ropics. The bispores are either binucleate 
{Lithothamnion poly morphum) or uninucleate {Lithophyllum incrustans). 
When the nuclei are single, they are about twice as big as a tetraspore- 
nucleus of the same species ; this may imply that the second division is 
suppressed or perhaps postponed to the time of germination. Mono- 
spores are recorded ((35) p. 379) in a few members of Corallinaceae. 
Melohesia Solmsiana (p. 507 ; (652) p. 59) exhibits vegetative propaga- 
tion by triangular plate-shaped gemmae (fig. 250 J, g), composed of 
thick- walled cells. 

The marine species of Hildenbrandia, in which sexual reproduction 
is unknown, likewise form their sporangia in conceptacles (fig. 25 1 A) 
which develop much like those of Corallinaceae. According to Rosen- 
vinge ((558) p. 204) sporangia are produced at all times of the year and 
arise successively, not only from the floor and the sides of the con- 
ceptacle (fig. 251 A), but even from the roof; as the production of 
sporangia proceeds, new ones originate from the next-adjacent layer of 
the thallus so that the conceptacle gradually widens. Occasional 
sporangia are replaced by paraphyses {p). The septa between the spores 
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are oblique and often irregular in orientation (fig. 251 C; cf. also (53) 
p. 15), although parallel in H, Crouani (fig. 251 A; (32) p. 43^, (ssS) 
p. 207). 

The general aspects of the life-cycle of Cryptonemiales are con- 
sidered, together with that of other diplobiontic Florideae, on p. 722. 



Fig. 251. Tetrasporangial conceptacles of Hildenhrandia in vertical section; 
A, H. Crouani J. Ag. ; B, C, H. prototypus Nardo. />, paraphyses; t, tetra- 
sporangia. (After Rosen vinge.) 


5. The Dipi^I^q^c Type among Gigartinales 
(a) The Sexual Phase 

The order Gigartinales, as defined by Kylin ((393) p. 72), includes all 
those Florideae in which the auxiliary cell is formed already prior to 
fertilisation and in which it is constituted by an intercalary cell of one 
of the ordinary vegetative laterals composing the thallus. In Crypto- 
nemiales, on the other hand, the auxiliary cells are located in special 
accessory branches. This is rather a trivial feature upon which to base 
a major taxonomic subdivision, but until a clearer conception of 
affinities can be obtained, admitting of a different grouping, it serves 
a convenient purpose. Kylin ((387) p. 116) regards the Gloeo- 
siphoniaceae and Endocladiaceae as connecting links between the two 
orders. 

The sexual reproductive apparatus of Gigartinales shows a number 
of marked parallels with that of Cryptonemiales. Like the latter, they 
include forms in which carpogonial branches and auxiliary cells are 
spatially separated and others in which they are combined to form a 
procarp, and the discussion of the different genera is most usefully 
arranged on this basis. Both the auxiliary cells and the supporting 
cells of the carpogonial branches are nearly always located in the inner 
cortex. 


CALOSIPHONIACEAE, NEMASTOMACEAE 657 

(i) Gigartinales without Procarps 

In Plaloma BairdiP (363) the colourless three-celled carpogonial 
branches (fig. 252 D, cb) arise from the inner cells of the laterals (/), 
while the more numerous auxiliary cells (a) are located near the base 
of other laterals (cf. Grateloupiaceae, Dumontiaceae) ; exceptionally 
a carpogonial branch may be borne directly upon an auxiliary cell. 
The auxiliary cells are considerably enlarged and protruded on one 
side (fig. 252 C, a). Several connecting filaments (figs. 252 D; 224 
G, co) arise successively from the carpogonium (cp) and, as in 
Dumontiaceae, the same filament may fuse with a number of 
auxiliary cells, contact being made with the protruded part of the 
latter. The gonimoblast-initial (fig. 252 C, D, gi) is cut off on the 
outer side of the auxiliary cell and gives rise to a mass of short 
threads, most of the cells of which become carposporangia (ca). An 
ill-defined pore is formed in the cortex, through which the carpo- 
spores are emitted. No antheridia have been found in P. Bairdii 
((363) p. 192, (558) p. 162), and it is possible that the carpogonium 
develops parthenogenetically. 

Several allied forms show essentially the same features (fig. 252 
A, E). In Schizynienia ((124) p. 644, (389) p. 39, (553) p. 816) the pore 
above each mass of carpospores is well defined (fig. 252 F, po). In 
Calosiphonia vermicularis ((39) p. ii, (68) p. 38,* (389) p. 37) the carpo- 
gonium (fig. 252 G, H) fuses with the supporting cell {su) prior to the 
formation of connecting filaments, and the auxiliary cells become con- 
spicuous only after fusion with one of the former. The closely related 
Bertholdia neapolitana {Calosiphonia neapolitana (39) p. 12, (587) p. 454), 
as well as Nemastoma ((393) p. 7), are distinguished by the fact that 
the gonimoblasts arise from the connecting filaments near the auxiliary 
cells. In Sebdenia ((39) pp. ii, 13, (634) p. 23) the fruiting parts are 
prominently swollen owing to extensive division of the cortical cells 
above the gonimoblast ; the cells in question acquire rich contents and 
the inner ones are believed to supply nourishment to the developing 
gonimoblast. In all these Gigartinales the gonimoblast-initial is cut 
off externally (fig. 252 B, D, 

The carpogonial branches of Furcellaria fastigiata ((380) p. 15, (558) 
p. 168) and Halarachnion ligulatum ((39) p. ii, (68) p. 45, (387) p. 62) 
arise near the tips of the fronds from large cells of the inner cortex 
(figs. 253 A; 254 A); especially in Furcellaria the same supporting 
cell (5 m) may bear more than one carpogonial branch (fig. 253 B). The 
auxiliary cells (figs. 253 E ; 254 D, a) are likewise situated in the inner 
cortex. The male plants of Furcellaria (fig. 253 C; (85) p. 261, (258) 
P- 235, (690) p. 22) are conspicuous by their swollen, pale yellow or 
pink tips (m), upon which the surface-cells produce pairs of mother- 

^ Cf. also (68) p. 48 (P. marginifera, as Nemastoma marginifera) and (727) 
p 254 (P. Pikeana (Dickie) v. Bosse). 

* As Calosiphonia finisterrae Crouan. 
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Fig. 252. A, B, F, Schizymenia pactfica Kyi.; A, auxiliary cell with con- 
necting filament; B, young gonimoblast; F, section of mature fruit. C, D, 
Platoma Bairdii (Farl.) Kuck. ; C, fusion of connecting filament with 
auxiliary cell, formation of gonimoblast-initial ; D, composite figure, showing 
post-fertilisation development. E, Sebdenia Monardiana (Mont.) Berth., 
fusion of connecting filament with auxiliary cell. G, H, Calosiphonia vermi- 
cularis (J. Ag.) Schmitz, carpogonia. a, auxiliary cell; ca^ carposporangia ; 
cby carpogonial branch; co, connecting filament; cp^ carpogonium ; g, gonimo- 
blast; git gonimoblast-initial; ^/, glandular cell; /, lateral; «, nuclei; pOy 
aperture of fruit; su^ supporting cell; trichogyne. (C, D after Kuckuck; 
E after Sjdstedt; the rest after Kylin.) 


Fig. 253. Furcellaria fastigiata (Huds.) Lamour. A, carpogonial branch, with 
two carpogonia; B, the same, with three carpogonia; C, branch of a plant with 
tips occupied by antheridial sori (m); D, ditto with ripe cystocarps (/); 
E, connecting filaments and auxiliary cell, with carposporangia ; F, transverse 
section through fruiting tip, with groups of carposporangia; G, young and 
H, older gonimoblasts ; I, mature gonimoblasts. a, auxiliary cell; c, cortex; 
ca, carposporangia; co, connecting filament; cpy carpogonium; g, gonimo- 
blast; w, antheridial sori; me, medulla; suy supporting cell; trichogyne. 
(C-E after Rosenvinge ; the rest after Kylin.) 
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cells (fig. 222 K, L, tn), each forming two primary antheridia (a) 
followed by secondary ones (so). Halarachnion is monoecious, the 
minute male sori being scattered over the thallus ((87) p. 299). 

The connecting filament (figs. 253 E, G, H; 254 B, D, co) esta- 
blishes contact with the inner surface of the auxiliary cell (a) which, 
in Halarachnion (fig. 254 C, E), develops a thin-walled process {p) 
with which the connecting filament fuses. The gonimoblast-initial 
(figs. 253 G, g\ 254 D, gi) is in both genera cut off internally, im- 
mediately adjacent to the point of fusion. All the cells of the gonimo- 
blast become fertile (fig. 253 E, I), the masses of carpospores {ca) 
lying in or at the periphery of the medulla (fig. 253 F); the carpo- 
spores are extruded through narrow pores formed in the cortex. The 
fruiting tips of Furcellaria (fig. 253 D), observable in autumn and 
winter, are usually somewhat inflated. In Halarachnion the cells of 
the carpogonial branch become swollen and multinucleate in later 
stages (fig. 254 A), while the fertilised carpogonium divides trans- 
versely (fig. 254 B, cp), each cell giving rise to a number of connecting 
filaments {co). 

A considerable number of the Gigartinales without procarps dif- 
ferentiate special nutritive systems in connection with gonimoblast- 
development. In Turnerella (213) and Opuntiella ((394), (400) p. 231), as 
well as in Catenella Opuntia ((281) p. 73, (387) p. 66), the inner cells of 
the gonimoblast-threads fuse with the auxiliary cell to form a 
branched fusion-cell (fig. 255 C, D, f)} bearing rows of carpo- 
sporangia {ca)\ in Opuntiella, moreover, the lateral harbouring the 
auxiliary cell produces numerous small-celled branchlets rich in 
nutriment which is absorbed during the development of the spores. 
In these genera (cf. fig. 254 K), however, as in the Gigartinales 
previously considered, nourishment reaches the gonimoblast only 
by way of the auxiliary cell. 

More specialised features are found in Solieriaceae, among which 
Agardhiella tenera ((50) p. 363, (387) p. 69, (505) p. 41 1) furnishes a 
typical instance. Here nearly all the cells of the laterals, containing 
the uninucleate auxiliary cells (fig. 254 H, a), possess dense cyto- 
plasmic contents and several nuclei (primary nutritive tissue, n). As 
the gonimoblast develops, the surrounding cells give rise to an 
enveloping small-celled secondary nutritive tissue {nu in fig. 255 A; 
cf. Callymenia and Gigartina, p. 672). The gonimoblast-initial divides 
into a group of sterile cells (fig. 255 A, c) and, during this, the contents 
of the primary nutritive tissue are exhausted ; from the central group 
arise radiating gonimoblast-threads {g), which penetrate the secondary 
nutritive tissue (nu) and enter into secondary pit-connections with 
its cells. The sterile cells of the gonimoblast lose most of their con- 

^ Such a cell is formed in all Rhabdoniaceae, to which Catenella belongs, 
but in Rhabdonia (fig. 298 D) and others it becomes directly connected with 
the cells of the axial thread ((387) p. 33). 
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Fig. 254. A-E, Halarachnion ligulatum Kiitz.; A, carpogonial branch; 
B, development of connecting filaments; C, fusion betw^een connecting 
filament and auxiliary cell; D, formation of gonimoblast-initial ; E, young 
gonimoblast. F-I, Agardhiella tenera (J. Ag.) Schmitz; F, development of 
connecting filaments; G, fusion between connecting filament and auxiliary 
cell; H, longitudinal section showing position of auxiliary cell; I, antheridial 
development. J, K, Catenella Opuntia (G. & W.) Grev. ; J, development of 
connecting filament; K, development of gonimoblast. auxiliary cell; ax^ 
axial cell; c, chromatophores ; cb, carpogonial branch; co, connecting filament; 
cp, carpogonium; g, gonimoblast; gi, gonimoblast-initial; m, antheridial 
mother-cells; «, nuclei; /), process of auxiliary cell; jm, supporting cell; 
t, trichogyne. (G, I after Osterhout; the rest after Kylin.) 
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tents, as the terminal carposporangia {ca) develop. In the South 
European Solieria chordalis ((69) p. 187, (393) p. 18) the sterile cells of 
the gonimoblast fuse with the auxiliary cell to form a huge spherical 
fusion-cell (fig. 255 B,/), which is very conspicuous in the ripe fruit. 

The carpogonium (fig. 254 F, cp) of Agardhiella enlarges after 
fertilisation and forms several connecting filaments {co)\ the few 
auxiliary cells (fig. 254 G, H, a) possess an apically directed process {p). 
The connecting filament {co) fuses with the lower end of the auxiliary 



Fig. 255. Fruits of diverse Gigartinales in section (after Kylin). A, Agard- 
hiella tenera (J. Ag.) Schmitz. B, Solieria chordalis (Ag.) J. Ag. C, Opuntiella 
californica (Farl.) Kyi. D, Catenella Opuntia (G. & W.) Grev. c, sterile cells 
of gonimoblast; ca, carposporangia; co, cortex;/, fusion-cell; g, gonimoblast; 
nUy nutritive tissue; po, aperture of cystocarp. 

cell (fig. 254 G), but the gonimoblast-initial is cut off from the tip of the 
latter. The carpogonial branches (fig. 254 J) and auxiliary cells of 
Catenella occur within special small segments of the fronds; as in all 
Rhabdoniaceae, the auxiliary cells are not distinguishable before 
fertilisation and develop rich contents only after fusion with a con- 
necting filament. The gonimoblast-initials are cut off internally (fig. 
254 K, gi) and the radiating gonimoblast-threads (fig. 255 D) branch 
abundantly amid the medullary cells of the fertile frond. The swollen 
fruits of Agardhiella open by a definite pore (fig. 255 A) and the fertile 
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tract is surrounded by several layers of flat cells, derived from the 
secondary nutritive tissue (nw). In Catenella, which rarely fruits (137), 
the entire fertile frond constitutes a single cystocarp, the wall of which 
is formed by the cortex (fig. 255 D, co). 

The antheridia of Agardhiella ((505) p. 410) foim irregular sori on the 
younger parts (fig. 254 I). Those of the monoecious Catenella Opuntia 
are produced on special branchlets of the frond, the rounded sori 
having a wrinkled surface, so that the antheridia appear in small pits 
((85) p. 261, (281) p. 72, (587) p. 442). 

(ii) Gigartinales with Procarps 

In diverse Gigartinales (Cystoclonium, Rhodophyllis, Calliblepharis, 
Hypnea) the auxiliary cell (fig. 256 B, a) is the basal cell of a lateral 
(/), borne on the supporting cell {su) of the carpogonial branch {ch ) ; 
moreover, in all of these the gonimoblast-initial is cut off internally 
(fig. 256 C, gi). The genera in question show progressive elaboration 
in the mode of nourishment of the gonimoblast. Cystoclonium 
purpureum ((380) p. 25, (599) p. 369), except for the possession of a 
procarp, resembles Catenella in its sexual reproduction. The sup- 
porting cell of the colourless carpogonial branch (fig. 256 B, su) bears 
a number of laterals (/), the cells of which have dense cytoplasmic 
contents ; this is specially marked in the auxiliary cell (a), which lies 
immediately adjacent to the carpogonium (cf. also fig. 256 D) and no 
doubt becomes linked with it by a short connecting filament. The 
gonimoblast-initial (fig. 256 C, gi) develops into an elongate well- 
branched thread (fig. 256 D, g) which penetrates into the central 
tissue. By degrees its cells fuse with one another, as well as with the 
auxiliary cell (fig. 256 E) to form an irregularly branched, tubular 
fusion-cell (/), bearing numerous lateral tufts (^) of carposporangia 
(fig. 256 F, ca). There is abundant production of hyphae near the 
developing gonimoblast. The cortical cells above the procarp show 
active division (fig. 256 D) so that the mature fruits appear as promi- 
nent unilateral swellings on the thalli ; they are devoid of an aperture. 
The antheridia ((87) p. 293, (380) p. 30) form extensive sori on the 
younger branches of the male plants. 

Essentially similar procarps are found in Rhodophyllis bifida (fig. 257 
A; (380) p. 32) where they occupy the margins of the fronds, in Calli- 
blepharis ((387) p. 73, (518) p. 354) where they lie in the marginal pinnae, 
and in Hypnea musciformis (fig. 258 A; (389) p. 51) where they are 
situated in the short thallus-branches, except that in the last two the 
auxiliary cells acquire dense contents only after fertilisation. In Rhodo- 
phyllis (fig. 257 A) the supporting {su) and auxiliary cells {au) produce 
on their outer sides a layer of cells with dense contents (r) which, like 
other adjacent cells, divide abundantly after fertilisation to form the 
wall (pericarp) of the mature cystocarp (fig. 257 C, w) ; the latter appears 
as an almost spherical swelling (fig. 170 C, c) and has no aperture. The 
gonimoblast develops as in Cystoclonium^ but some of its branches 
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remain sterile and become connected to the pericarp ((393) p. 39), a 
nutritive device which is more marked in Calliblepharis and Hypnea. 

Here, however, no fusion-cell is formed, although two kinds of 
nutritive tissues are developed (fig. 257 B). One of these (nui) lies 
external to the procarp and is derived from the inner cells of the 




Fig. 256. A, Rissoella verruculosa (Bertol.) J. Ag., procarp. B-F, Cysto- 
clonium purpureuni (Huds.) Batt. ; B, procarp ; C, formation of gonimoblast- 
initial; D, further development of gonimoblast; E, almost mature gonimo- 
blast; F, part of same with carposporangia. a, auxiliary cell; ca, carpo- 
sporangia; cby carpogonial branch; cp, carpogonium ; /, fusion-cell ; g, gonimo- 
blast; gi, gonimoblast-initial ; /, lateral; n, nutritive threads; su, supporting 
cell ; t, trichogyne. (After Kylin.) 


laterals borne on the auxiliary and supporting cells ; the outer cells {w) 
aid in the production of the pericarp (fig. 258 B, w). The second nutri- 
tive tissue (fig. 257 B, nu2) lies internal to the procarp and consists of 
small cells arising from the inner vegetative cells. According to Kylin 
((393) p. 41) certain species of RhodophylliSy which also approach Calli- 
blepharis in other respects, possess a similar internal nutritive tissue. 

The gonimoblast-initial of Calliblepharis (fig. 257 B, gi) gives rise 
to several threads that penetrate among the internal nutritive cells, with 
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Fig. 257. A, C, D, Rhodophyllts btfida (G. & W.) Kutz. ; A, procarp; C, 
vertical section of cystocarp ; D, development of antheridia, from the surface. 
B, Calliblepharis lanceolata Batt., transverse section of a young cystocarp. 
fl, antheridia; aw, auxiliary cell; ca^ carposporangia ; f6, carpogonial branch; 
cp, carpogonium; gt, gonimoblast-initial ; m, antheridial mother-cells; 
nu, nutritive tissue; r, roof of procarp; 5 m, supporting cell; f, trichogyne; 
Wy wall of cystocarp. (After Kylin.) 

internal nutritive tissue. The large swollen cystocarps (fig. 170 A, c) are 
formed singly in the fertile pinnae. 

In Hypnea the gonimoblast develops in a distinctive manner. The 
initial divides to form a compact group of small cells ; some of these, 
after establishing connections with the internal nutritive cells, undergo 
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marked elongation and lift the remainder (fig. 258 B, g) into the centre 
of the developing cystocarp-cavity. These gonimoblast-cells give rise 
on all sides to branched threads (5), which become linked by secondary 
pits with the cells of the pericarp (zv). The richly branched tufts, 
forming terminal carposporangia (ca), arise not only from the central 
gonimoblast-group, but also from the threads linking the latter with 
the wall. 

The large cystocarps found in these and other genera arise by ex- 
tensive post-fertilisation division of the cells in the neighbourhood of 
the procarp; this results in a cavity of increasing width, which is 
occupied by the developing gonimoblast. Division is either essentially 
confined to the cortex, external to the fertilised procarp (e.g. Calli- 
hlepharisy fig. 257 B) or takes place all round it (e.g. Hypnea, fig. 258 B). 

Antheridia appear to be unknown in Calliblepharis, while those of 
Hypnea have not been adequately investigated. In the monoecious 
Rhodophyllis bifida they form small scattered sori (fig. 257 D), the 
mother-cells (m) arising in fours from the surface cells and forming 
two or three antheridia (a) each ((380) p. 35). 

A procarp of a more generalised type is found in Rissoella ((389) p. 43), 
a Mediterranean perennial with a fringed foliaceous thallus. Here (fig. 
256 A) a single large auxiliary cell (a) is associated with a number of 
carpogonial branches, the supporting cells {su) of which are constituted 
by adjacent cortical cells ; it is not clear whether they all belong to the 
same branch-system. The surrounding cells develop a number of 
small-celled laterals («), homologous with carpogonial branches and 
constituting a nutritive tissue (cf. Opuntiella)^ although no special con- 
nection is established between it and the fusion-cell which is formed 
from the inner cells of the gonimoblast, the auxiliary cell, and probably 
also other adjacent cells. 

In most other Gigartinales the supporting cell functions also as the 
auxiliary cell. In Plocamium ((380) p. 51, (389) p. 46, (518) p. 352,^ (586) 
p. 238) the supporting cells (fig. 258 D, a) are differentiated in large 
numbers along the outer (more rarely the inner) margins of the fronds 
from the large cells surrounding the axial thread (cf. p. 492) ; they also 
bear vegetative laterals (/). Antheridia ((86) p. 249, (380) p. 53) are 
formed over the entire surface of the ultimate branches of the thallus. 
After fertilisation the carpogonium enlarges and the other cells of its 
branch degenerate, while those in the vicinity of the auxiliary cell 
(fig. 258 E, nu) acquire rich contents. The gonimoblast-initial {gi)y 
which fuses with the auxiliary cell (a), produces a number of secondary 
elements {g) which successively give rise to densely, branched tufts 
(j, 2, j), most of the cells of which become carposporangia. The 
mature cystocarps (fig. 258 E) form sessile swellings on the edges of 
the thalli ; the spores are liberated by disintegration of the upper part 
of the wall. 

^ Phillips* statement that a special auxiliary cell is cut off, is probably 
incorrect. 
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In Sphaerococcus coronopifolius ((328), (389) p. 47, (634) p. 40) and 
Gracilaria ((389) p. 55, (634) p. 51, (692) p. 8i)Uhe procarps are essentially 
similar, although in the latter (fig. 259 C, D) the supporting cell {su) is 



Fig. 259. A, B, Sphaerococcus coronopifolius C. A. Ag.; A, early development 
of gonimoblast; B, section of cystocarp. C, D, Gracilaria Sjostedtii Kyi., two 
procarps. E, F, G. confervoides (L.) Grev. ; E, formation of fusion-cell; F, 
section of cystocarp. a, auxiliary cell; aXy axial cell; c, cells of gonimoblast, 
connecting sterile part of same with wall of cystocarp; ca, carposporangia ; 
chy carpogonial branch;/, fusion-cell ; g, gonimoblast; gi, gonimoblast-initial ; 
/, lateral; n, nucleus; nUy nutritive tissue; />, pericentral; pOy aperture of cysto- 
carp; sterile part of gonimoblast; suy supporting cell; t, trichogyne; Wy wall 
of cystocarp. (After Kylin.) 

not specially differentiated and the laterals (nw) possess rich contents. 
Both genera exhibit more marked post-fertilisation fusions than does 


^ The account of Johnson (327) is largely erroneous, while Phillips (523) has 
mistaken the characteristic hairs for carpogonia (cf. (634) p. 52). 
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Plocamium, In Sphaerococcus the auxiliary cell (fig. 259 a) produces 
several gonimoblast-initials (gt), which give rise to separate systems with 
terminal carposporangia {ca in fig. 259 B). Meanwhile the older 
gonimoblast-cells fuse with the auxiliary cell, and this with the adjacent 
pericentral and axial cells {p and ax in fig. 259 A), to form an elongate 
fusion-cell (fig. 259 B, /) bearing the radiating fertile threads. The 
laterals (fig. 259 A, nii) borne on the pericentral form a local nutritive 
tissue (fig. 259 B, nu) around the base of the fusion-cell. The mature 
cystocarps appear as spherical swellings in the smaller branches. 

The fertilised carpogonium of Gracilaria fuses progressively (fig. 
259 E) with the adjacent multinucleate nutritive cells {nu). Meanwhile 
the cortical cells above divide copiously to produce the cystocarp-wall 
{w) ; the inner cells of the rows thus formed, however, constitute a 
nutritive tissue around the fusion-cell (cf. Calliblepharis^ Hypnea). The 
several gonimoblast-initials develop into a dense aggregate (fig. 259 F), 
the inner part of which (5) forms a compact pseudo-parenchyma bearing 
the rows of successively ripening carposporangia {cd). In certain species 
{G. confervoideSy fig. 259 F; G. compressa) elongate cells (c) radiate from 
the compact region of the gonimoblast and, penetrating the pericarp, 
become connected with some of its cells (cf. also ( 523 ) p. 795). The 
swollen cystocarps appear along the sides of the thallus-branches (fig. 
170 B, c) and, in G. confervoideSy are sometimes stalked. The fruit- 
development in Melanthalia abscissa (( 507 ) p. 4) exhibits essentially the 
same course of events; cf. also Cordylecladia ((389) p. 60). Perhaps 
Holmsella pachyderma (p. 650) belongs to this series. 

In the Australian genera Mychodea (( 393 ) p. 63) and Acrotylus (( 277 ) 
pi. 99, ( 393 ) p. 67), which show affinity to Gigartinaceae and are possibly 
primitive, the supporting cell (fig. 260 A, C, su) bears several carpo- 
gonial branches. In Mychodea the principal gonimoblast-threads form 
a network within the cystocarp, and some are linked by secondary pit- 
connections to the nutritive tissue lining the inner surface of the peri- 
carp ((400) p. 250, (590) p. 1 19), while in Acrotylus (fig. 260 D) the bunches 
of carpospore-bearing threads project into a cavity which is lined by a 
probable nutritive tissue {nu). 

The antheridia of Sphaerococcus (cf. also (87) p, 293) are formed in 
small circular depressions behind the tips of the branches. This is also 
so in Mychodea (fig. 260 B) and in Gracilaria confervoides ((87) p. 294, 
(411) p. 134, (692) p. 81) ; in the latter the male plants are of small stature. 
In other species of Gracilaria the antheridia form small superficial sori. 


(iii) Phyllophoraceae and Gigartinaceae 

In these families the procarps (figs. 261, A, D; 262 B; 295 C) in- 
variably consist of an, often large, supporting (auxiliary) cell {su) 
bearing a three-celled carpogonial branch {cp)\ in addition the 
former may produce a vegetative lateral (/), which is lacking in 
Chondrus (fig. 261 A) and in Gigartina is occasionally replaced by 
a second carpogonial branch ((634) p. 47). No conspicuous fusion-cell 
is formed after fertilisation, but the threads of the gonimoblast 
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(fig. 261 B, g) penetrate into the medullary region {me)^ the elements 
of which form a nutritive tissue. 

Chondrus produces its procarps within the ordinary fronds, but in 
Phyllophora (fig. 295 A, B, «), Stenogramma, and Gigartina they are 
situated in special outgrowths (nemathecia). These arise from the 
stalks in Phyllophora membranifolia (fig. 174 C,/) and from near the 
margins of the fronds in P. epiphylla^ while the teat-like, simple or 



Fig. 260. A, B, Mychodea terminalis Harv. ; A, procarp; B, antheridial 
development. C, D, Acrotylus australis J. Ag. ; C, procarp; D, section of 
cystocarp. a, antheridium; ca, carposporangia ; cby carpogonial branch; cpy 
carpogonium; m, antheridial mother-cell; nUy nutritive tissue; sUy supporting 
cell; ty trichogyne; Wy wall of cystocarp. (After Kylin.) 

branched, nemathecia of Gigartina (fig. 174 I, t) occupy either the 
margin (G. Teedii) or the surface of the thallus. Those of Stenogramma 
are linear (fig. 170 D, n) and form apparent veins on both surfaces of 
the fertile fronds; since they terminate a short distance below the 
apex, they are not connected in successive branches. In Phyllophora 
and Gigartina each nemathecium produces a single cystocarp, while 
in Stenogramma interruptUy where procarps occur along the whole 
length of the nemathecium, their occasional absence or failure to be 
fertilised leads to gaps in the dark red zones of maturing carpospores 
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Fig. 261. A-C, Chondrus crispus (L.) Stackh. ; A, vertical section of thallus 
with procarp; B, ditto, fusion of carpogonium with auxiliary cell (su)\ 
C, transverse section of thallus, with mature carposporangia. D, Gigartina 
Teedii Lamour., procarp, ca, carposporangia; co, connecting filament; cpy 
carpogonium; g, gonimoblast; /, lateral; me, medulla; />, pit-connection; su^ 
supporting (auxiliary) cell; t, trichogyne. (D after Sjostedt; the rest after 
Kylin.) 
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to which the specific name refers. In Gigartina there is a definite pore 
to the cystocarp. 

In Chondrus crispus ((380) p. 20, (586) p. 238) the supporting 
(auxiliary) cell ^ (fig. 261 A,5 m) belongs to the inner cortex and is linked 
to the surrounding vegetative cells by secondary pit-connections (p). 
The adjoining carpogonium (cp) communicates with the auxiliary cell 
after fertilisation (fig. 261 B) by a broad connection (co), through 
which the diploid nucleus no doubt passes into the auxiliary cell. The 
elongate gonimoblast-threads (g) penetrate into the inner tissues (me) ^ 
and give rise to numerous groups of carposporangia (fig. 261 C, ca)^ 
interspersed between the remains of the medulla (me). The carpo- 
spores are liberated from the swollen fruits after the decay of the 
fronds. 

The structure of the procarps (fig. 261 D) and the formation" of the 
gonimoblast are essentially the same in Gigartina ((586) p. 238, (634) 
p. 46; cf. also (387) p. 51). In certain species (e.g. G. Teedii) a special 
nutritive tissue arises from hyphae, produced in large numbers from 
the medullary cells, and in later stages the gonimoblast-threads com- 
municate with its cells; in the mature cystocarp this tissue forms a 
fibrous envelope around the groups of carpospores (cf. also (324) p. 604). 
Not all species of Gigartina (e.g. G. stellaia) possess a definite pericarp 
((625) p. 134) and nutritive tissue may be lacking ((558) p. 5 1 1). A similar 
fruit-development is found in Iridaea and Rhodoglossum ((387) p. 48). 

The p^ocarps of Stenogramma interrupta ((330) p. 362, (387) p. 52) are 
distinguislied by the usual multinucleate character of the component 
cells (fig. 262 B). Their further development is similar to that of 
Chondrus (fig. 262 A), but both here and in Phyllophora ((158) p. 39, (387) 
p. 54, (558) pp. 517, 537, (563) p. 1 1)^ the gonimoblast-threads enter into 
communication with the loose medullary tissue (me) of the nemathecia. 
The numerous groups of carpospores produced from the tufted laterals 
of the gonimoblasts ultimately almost completely displace the medulla 
(fig. 262 C). 

All these genera are dioecious. The pale anther idial sori of Chondrus 
crispus ((89), (258) p. 185) usually appear just behind the apices of the 
fronds; Darbishire ((161) p. 26) found them on minute white segments 
which later developed into vegetative branches. The mother-cells (fig. 
222 J, w), formed by longitudinal division of the surface-cells, produce 
pairs of elongate antheridia (a) which just penetrate the gelatinous 
cuticle overlying the sorus. Secondary antheridia are frequent. The 
antheridia of Gigartina are borne on small leafy branches ((89) p. 184). 

Those of Phyllophora ((86) p. 248, (87) p. 292, (158) p. 38, (172) p. 278, 
(558) p. 536) are produced on minute white or yellowish nemathecia, 

^ Darbishire*s statement ((161) p. 28) that the auxiliary cell is cut off from 
the supporting cell is no doubt erroneous. 

* Schmitz ((590) p. 1 18) himself corrected his earlier statement ((586) p. 242) 
that the gonimoblast-threads unite with the medullary cells. 

For P, Brodiaei and Gymnogongrus^ which differ in important respects, 
see p. 731* 
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borne on the margins of the fronds. The surface-cells give rise to 
numerous tufts, some of which grow longer than others so that small 
antheridial cavities are formed (fig. 262 D). The male sori of 



Fig. 262. A-C, E, Stenogramma interrupta (C. Ag.) Mont.; A, fusion between 
carpogonium and auxiliary cell (sw); B, procarp; C, section of thallus, with 
groups of carposporangia; E, antheridial development. D, Phyllophora 
membranifolia (G. & W.) J. Ag., antheridial development, a, antheridium; 
cai carposporangia ; co, connecting filament ; c/>, carpogonium ; g, gonimoblast ; 
/, lateral; m, antheridial mother-cells; medulla; s, spermatium; su, sup- 
porting cell; t, trichogyne; wall of cystocarp. (D after Rosenvinge; the 
rest after Kylin. 

Stenogramma ((330) p. 362) form irregular patches on both surfaces of 
the upper thallus -segments (fig. 262 E). 

(^) The Tetrasporangiate Phase 

The tetrasporangia of Gigartinales are either cruciate (fig. 263 J) or 
zonate (fig. 263 C, H), the latter type being found in all the genera 
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discussed above except Platomaj Calosiphonia^ Nemastoma^ Sehdenia^ 
Gracilaria, Melanthalia, Cordylecladia^ Phyllophoraceae and Gigarti- 
naceae. The zonate sporangia of Furcellaria ((380) p. 17) and Plo- 
camium ((558) p. 600) are stated to divide first into two cells. 

The sporangia are often terminal on the laterals (figs. 225 B ; 263 
C, t) and embedded at the surface of the thallus ((363) p. 191, (380) 
PP- 30 > 35 > (3^7) pp. 67, 75, (389) p. 54, (505) p. 419). Those of FurceU 
laria ((ssS) p. 167) are borne laterally (fig. 263 B, t) on the inner cortical 
cells and are rather deeply immersed within the inflated tips (fig. 
263 A). In Plocamium (fig. 263 D) the sporangia {t) are formed within 
special branches {stichidia, f) of simple structure, which occupy the 
margins of the ultimate fronds ((47s) p. 230). The large sporangia 
(fig. 263 E, t)y which develop from the hypodermal cells and form a 
zigzag line along the axis of the stichidium (fig. 263 F), are covered 
by but a single layer of cells (c). 

Special nemathecia harbour the sporangia in Phyllophora and 
Stenogramma, In P. membranifolia ((158) p. 35) they appear as deep- 
red swellings on the fronds (fig. 263 G, «), while those of P. epiphylla^ 
((158) p. 28, (558) p. 538) encircle the short stalks of special peltate 
branches. The numerous threads of the nemathecia consist of long 
chains of cruciate tetrasporangia, only the outermost cells being 
sterile (cf. fig. 295 F). The scattered wart-like nemathecia of Stem- 
gramma {(272) p. 163, (310), (330), (735) p. 157) show a similar structure. 

The sporangia of Chondrus ((380) p. 22, (558) p. 503) develop in the 
younger fronds, during the early months of the year, from the cells 
of small tufted laterals (fig. 263 I, t) borne on the medullary elements; 
the regions in question form dark red swellings on the thalli. In 
Gigartina the laterals producing the sporangia arise from the inner 
cortical cells and are located either in special papillate or leafy out- 
growths (G. calif ornica) or within the ordinary thallus ((387) p. 51, 
(404) p. 25, (S02) p. 347). The tetraspores in all Gigartinaceae are set 
free by decay.^ 

6. The Diplobiootic Type among Rhodymeniales 
(a) The Sexual Phase 

Despite the considerable diversity in habit, there is great uniformity 
in the structure of the procarp and in the post-fertilisation stages 
among Rhodymeniales. The multinucleate supporting cell of the pro- 
carp (^w in fig. 264 A, B) is constituted by a young cortical cell which 
rapidly enlarges and acquires richer contents. After producing either 
one (fig. 264 A, B) or two (fig. 266 A, C) auxiliary mother-cells (aw), 
it gives rise to a three- or four-celled (figs. 266 C ; 267 A) carpogonial 

^ Described by Schmitz ((591) p. 399) as a parasite {Colacolepis incrustans), 

* The life-cycle of Gigartinales is considered in conjunction with that of 
other diplobiontic Florideae on p. 722. 



Fig. 263. Tetrasporangia of Gigartinales. A, Fur cellar ia fastigiata (Huds.) 
Lamour. ; A, branch with fertile tips; B, transverse section of same, with 
young sporangia. C, Mychodea foliosa (Harv.) J. Ag. D-F, K, Plocamium 
coccineum (Huds.) Lyngb. ; D, part of thallus with stichidia (/) ; E, F, vertical 
sections of branches of stichidium, stages in development of sporangia; 
K, small part of same in transverse section. G, Phyllophora membranifolia 
(G. & W.) J. Ag., with nemathecium («). H, Rhodophyllis bifida (G. & W.) 
Kiitz., transverse section of thallus. I, J, Chondrus crispus (L.) Stackh. ; 
I, longitudinal section with young and J, transverse section with mature 
sporangia, a, apical cell; r, cover-cells; co, cortex; m, medulla; f, tetra- 
sporangia. (A, E, F, K after Rosenvinge; G after Darbishire; the rest after 
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branch. The auxiliary cells (a) are cut off from the mother-cells so as 
to lie near the carpogonia ; although formed prior to fertilisation, they 
remain vegetative, unless sexual fusion occurs, and enlarge and 
abundant contents only after that event ((42) p. 62, (392) p. 39). 1 he 



Fig. 264. A, C, Rhodymenia pertusa (Post. & Rupr.) J. Ag.; A, procarp; C, 
the same, some time after fertilisation. B, D, Fauchea Frye(ma Setch.; 
B, procarp; D, the same, some time after fertilisation. E, Chrystmema 
(Botryocladia) pseudodichotoma Farl., vertical section of fruit. «, auxiliary 
cell; am, auxiliary mother-cell; ca, carposporangia ; cb, carpogonial branch; 
/ lateral; nu, nutritive tissue; protein-mass in auxiliary cell; sw, supporting 
cell; ty trichogyne; Wy wall of cystocarp. (E after Bliding; the rest after 
Kylin.) 


gonimoblast-initial is cut off on the outer side of the auxiliary cell 
(fig. 266 F) and, during its further development, there is extensive 
fusion of cells; in the Champiaceae this is accompanied by great en- 
largement. Nutriment passes to the developing gonimoblast solely 
by way of the auxiliary mother-cell. 
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Among Rhodymeniaceae Rhodymenia pertusa has been specially 
studied ((389) p. 36, (634) p. 31). The supporting cell (fig. 264 A, su) 
bears a three-celled carpogonial branch, ^ in addition to the auxiliary 
mother-cell (am). After fertilisation (fig. 264 C) the cells of the carpo- 
gonial branch (cb) fuse to form a multinucleate fusion-cell, which is 
displaced by the enlargement of the auxiliary cell (a) and of its now 
multinucleate mother-cell (am). The latter establishes pit-connections 
with the surrounding nutritive tissue (nu). At this stage the uni- 
nucleate auxiliary cell, as in other Rhodymeniales, contains a con- 
spicuous round protein-mass (p). Meanwhile the overlying cells 
divide to form the wall (w) of the future cystocarp. The gonimoblast- 
initial gives rise to a mass of threads, in which most of the cells pro- 


po 



Fig. 265. Cystocarps of A, Rhodymenia pertusa (P. & R.) J. Ag. and B, 
Fauchea Fryeana Setch. a, auxiliary cell; am, auxiliary mother-cell; ca, 
carposporangia ; po, aperture of cystocarp; r, reticulate tissue of cystocarp; 
sUy supporting cell; wall of cystocarp. (After Kylin.) 


duce small carpospores (fig. 265 A, ca). Within the swollen cystocarp 
(cf. also (90) p. 21 1, (94)) the mass of spores is separated by a wide space 
from the encompassing wall (w). 

The antheridia of R. palmata ((87) p. 294, (169), (666) p. 225, (690) 
p. 22) form small irregular sori on the fronds. The colourless mother- 
cells arise by tangential division of the surface- cells and produce 
successively two primary and two secondary antheridia. 

The procarps of Fauchea ((389) p. 33, (634) p. 25) and of Botryocladia 
(Chrysimenia) ((42) p. 53) are similar, but in the former (fig. 264 B) the 
auxiliary mother-cell (am) bears a short vegetative branch (/). The post- 
fertilisation events differ only in the fact (fig. 264 D) that, during the 

^ In i?. palmata female plants are unknown and the carpogonia recorded by 
Grubb (257) are the hairs mentioned on p. 517 (cf. (169) p. 332, (634) p. 31). 
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enlargement of the cystocarp in Fauchea (fig. 265 B), the inner cells 
of the pericarp stretch to form a reticulate tissue (r) surrounding the 
spores ; this is so also in Bindera. In Botryocladia (fig. 264 E) the cysto- 
carp projects into the hollow thallus (cf. also (364) p. 217, (778)). Some 
data about the antheridia are given by Kuckuck ((364) p. 213). 

The Champiaceae differ only in matters of detail. The supporting 
cell (figs. 266 A, B ; 267 A, su) is linked by a primary pit-connection 
to the cell of a longitudinal thread (/). The carpogonial branches 
(figs. 266 C; 267 A) are usually four-celled ((42) p. 44, (289) p. 347, 
(380) p. 44, (680) p. 26), commonly with the lowest cell transversely 
extended ; they are three-celled in Lomentaria (fig. 266 A, B) and in 
Champia lumhricalis ((289) p. 341). In Chylocladia (fig. 266 C; (284) 
p. 74, (289) p. 330, (326) p. 133, (380) p. 40, (586) p. 223), Gastroclonium 
(fig. 266 D ; (42) p. 28)/ and not uncommonly in Lomentaria clavellosa 
(fig. 266 A), there are two auxiliary cells, though in the last only one 
undergoes further development. The product of fusion of the cells 
of the carpogonial branch (fig. 266 E, /) enlarges considerably, and 
in Champia (fig. 267 B; (42) p. 9, (289) p. 344)^ a wide connection is 
established between it (/) and the supporting cell {su). The carpo- 
gonium connects with the auxiliary cell by a short thread (fig. 266 
H, c)^ which may arise from the auxiliary cell {Champia^ Castro- 
clonium\ from the carpogonium, or from the fusion-cell ; in Lomen- 
taria there is not uncommonly a special connecting cell. The diploid 
nucleus divides within the carpogonium and one of the products 
passes into the auxiliary cell. 

In Chylocladia and Castroclonium (fig. 266 G) extensive fusions 
result in a large fusion-cell {fu) occupying the middle of the ripening 
cystocarp ; these fusions involve not only the inner cells of the gonimo- 
blast and the auxiliary cells, but the latter fuse with one another and 
with their mother-cells, as well as with some of the adjacent nutritive 
cells ((42) p. 30, (380) p. 41). In Lomentaria ((380) p. 47) and Champia^ 
on the other hand, there is comparatively little fusion. In the former 
the richly branched gonimoblast gives rise successively to a number 
of gonimolobes in which most of the cells form carpospores (cf. 
Rhodymeniaceae), whereas in other Champiaceae (figs. 266 G ; 267 E) 
the large carposporangia {ca) are terminal and develop simultaneously. 
In Chylocladia and Castroclonium (fig. 266 F) the gonimoblast-initial 
divides by successive radial walls into wedge-shaped segments {g) 
which subsequently divide tangentially (fig. 266 G); the inner cells 
{g) fuse with the auxiliary cell, while the outer constitute the carpo- 
sporangia {ca). 

The cystocarp -wall begins to develop at the time of fertilisation by 
the outgrowth, from the cortical cells, of branched threads (figs. 266 
E ; 267 C, w), the cells of which become joined by secondary pit- 

^ As Chylocladia ovalis. 

^ Davis’ (164) account of Champia parvula is erroneous. 
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Fig. 266. A, B, Lomentaria clavellosa (Turn.) Gaill., procarps; A, with two 
and B, with one auxiliary cell. C, H, Chylocladia kaliformis (G. & W.) Hook. ; 
C, procarp in surface-view of thallus; H, fusion between fusion-cell, formed 
from carpogonial branch (c6), and auxiliary cell. D, F, G, Gastroclonium ovale 
(Huds.) Kiitz.; D, procarp after fertilisation; F, formation of gonimoblast; 
G, young cystocarp. E, Lomentaria articulata (Huds.) Lyngb., impending 
fusion between fusion-cell, formed from carpogonial branch (/), and auxiliary 
cell, fl, auxiliary cell; am, auxiliary mother-cell; an, auxiliary cell nucleus; 
c, connecting filament; ca, carposporangia ; cb, carpogonial branch; co, cortical 
cells ; cp, carpogonium ; dn, diploid nucleus ; /, cell formed by fusion of cells 
of carpogonial branch; fu, composite fusion-cell; g, gonimoblast; /, cells of 
longitudinal threads; pi, pit-connection; su, supporting cell; t, trichogyne; 
w, wall of cystocarp. (A, C after Kylin; H after Hassenkamp; the rest after 
Eliding.) 
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Fig. 267. Champia parvula (Ag.) Harv. (after Eliding). A, procarp; B, the 
same, some time after fertilisation; C, formation of gonimoblast-initial ; 
D, part of reticulate tissue from a mature cystocarp; E, vertical section of 
cystocarp. a, auxiliary cell; am, auxiliary mother-cell; c, central cavity of 
thallus ; ca, carposporangia ; carpogonium ; driy diploid nucleus ; /, fusion- 
cell formed from the cells of the carpogonial branch ; gi, gonimoblast-initial ; 
hn, haploid nucleus ; /, cell of longitudinal thread ; />, protein-mass of auxiliary 
cell ; />t, pit-connection ; /)o, aperture of cystocarp ; r, reticulate tissue of cysto- 
carp ; supporting cell ; ty trichogyne ; w, wall of cystocarp. 
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connections. In Champia, and to a less marked extent in Lomentaria, 
the inner cells of the wall undergo considerable stretching during the 
enlargement of the cystocarp ((5) p. 125) and form a loose reticulate 
tissue (fig. 267 D, r) around the gonimoblast (cf. Fauchea). The cysto- 
carps of Chylocladia and Gastroclonium are devoid of a pore. 





Fig. 268. Male plants and antheridia of Rhodymeniales. A, B, Gastroclonium 
ovale (Huds.) Kiitz. ; A, apex of a male plant; B, section through a male sorus. 
C, D, Champia parvula (Ag.) Harv. ; C, habit of a male plant; D, section 
through a male sorus. E, Chylocladia kaliformis (G. & W.) Hook., developing 
tetrasporangia in longitudinal section, a, antheridial sori and antheridia; 
CO, cortical cell; Ai, hair-initial; /, cell of longitudinal thread; tw, antheridial 
mother-cell; 5c, secondary cortex; f, tetrasporangium. (D after Bliding; 
E after Kylin; the rest after Grubb.) 

Bliding ((42) p. 65, (43)) is likely to be right in regarding Lomentaria 
as the least specialised member of the Champiaceae, the presence of 
two auxiliary cells being probably a secondary acquisition (cf. how- 
ever (636)). 
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Most Champiaceae are dioecious. The male sori of Champia ((42) 
p. 19, (50) p. 408, (258) p. 192, (486)) form girdle-shaped zones around 
the segments (fig. 268 C, d), while those of Chylocladia ((86) p. 249, 
(558) p. 580) encircle the furrows at the level of the diaphragms. In 
Gastroclonium ovale ((89) p. 185, (258) p. 187) they appear as white 
patches on the lower parts of the vesicles (fig. 268 A, a), while in 
Lomentaria ((85) p. 261, (87) p. 295, (380) p. 47, (ssS) p. 584)^ they occupy 
the ultimate branches. The mother-cells (fig. 268 B, D, m) form a 
superficial network ((42) p. 19, (380) p. 47) resulting from anticlinal 



Fig. 269. Tetrasporangia of Rhodymeniales. A, Lomentaria clavellosa (Turn.) 
Gain., developing sporangia, seen from the surface. B, Rhodymenia pertusa 
(Post. & Rupr.) J. Ag., mature sporangia in section. C, Gastroclonium ovale 
(Huds.) Kiitz., the same, co, cortical cell; cUy cuticle; /, cell of longitudinal 
thread; sCy secondary cortex; t, tetrasporangia. (A, C after Eliding; B after 
Kylin.) 

division of the secondary cortical cells (^c), although others ((258) 
pp. 190, 192, (ss8) p. 581) affirm that there are further divisions before 
the mother-cells' are produced. Each mother-cell forms 2 or 3 
antheridia (a). 


(b) The Tetrasporangiate Phase 

The usually cruciate tetrasporangia of Rhodymeniaceae lie amid the 
superficial tissues (fig. 269 B) and probably constitute end-cells of 

^ Webber’s (718) antheridia are attaching organs ((42) p. 7). 
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short laterals. In Rhodymenia palmata ((735) p. 158) they form irregular 
sori on both surfaces of the frond and originate from superficial cells 
which subsequently become embedded. Kuckuck(364) describes the 
sporangia of various species of the Chrysimenia-dXYidinct, Hymeno- 
cladia (p. 744) has tetrahedrally divided sporangia formed from 
intercalary cells. 

The large sporangia of Champiaceae ((42) pp. 21, 36, (380) p. 43) 
possess tetrahedral spores. They usually originate from uninucleate 
intercalary cells of the secondary cortex (figs. 268 E ; 269 A, t), which 
enlarge so that they project into the central hollow (fig. 269 C). In 
Lomentaria ((42) p. 49, (380) p. 48, (392) p. 41, (411) p. 131, (680) p. 23), 
however, where the small sori occupy superficial depressions, the 
sporangia develop from the terminal cells of short branched laterals 
that arise from the primary cortical cells. ^ 

7. The Diplobiontic Type among Ceramiales 

This order, which was first separated from the Rhodymeniales of 
Schmitz (599) by Oltmanns ((500) p. 683) owing to its distinctive repro- 
ductive features, comprises the most specialised diplobiontic forms. 
Several of the peculiar characteristics were already noted by Phillips 
((SI 7) p. 201). Formation of the auxiliary cell in Ceramiales is deferred 
until after fertilisation (fig. 270 A, B), its mother-cell being the sup- 
porting cell {su) of the carpogonial branch {ch) which is, moreover, 
invariably a pericentral or (in Ceramiaceae) its equivalent.^ The 
carpogonial branch represents a lateral borne upon the supporting 
cell and always consists of four cells devoid of laterals, although the 
supporting cell usually bears either one or two sterile branchlets. The 
uniformity of the sexual reproductive apparatus is as significant as the 
loss of all traces of heterotrichy in the early stages of development 

(p- 517)- 


{a) The Sexual Phase 

(i) Ceramiaceae. 

The members of this family, which probably represent the most 
primitive forms among Ceramiales ((380) p. 136, (387) p. 122), are dis- 
tinguished by several characteristics. Communication between the 
fertilised carpogonium and auxiliary cell is usually established by 
means of special connecting cells (figs. 270 B ; 272 H, co)^ no compact 
envelope is formed around the gonimoblast (figs. 270 E, F; 271 E; 
272 J ; 273 J), and most of the cells of the latter generally produce 
carpospores. The supporting cell of the procarp is homologous with 

^ The life-cycle of Rhodymeniales is discussed on p. 722. 

^ Schussnig ((604) p. 534) maintains that, in Spermothamnion roseolum and 
Brongniartella byssoidesj the carpogonial branches arise direct from the fertile 
axis and that the auxiliary cell is already cut off prior to fertilisation. 




Fig. 270. Antithamnion plumula Thur. (after Kylin). A, branch-system with 
two carpogonial branches; B, procarp after fertilisation, formation of con- 
necting cell {co ) ; C, D, formation of gonimoblast-initial ; E, groups of mature 
carposporangia ; F, the same, with enveloping threads (e). auxiliary cell; 
cay carposporangia; cby carpogonial branch; cOy connecting cell; cpy carpo- 
gonium; giy gonimoblast-initial; 5, sterile cells of gonimoblast; sCy sterile cells 
of fertile axis; sUy supporting cell (auxiliary mother-cell); ty trichogyne. 

growth; in A, pacijicum, however, they are reduced to two or three 
cells ((150) p. 286,^ (383) p. 48) and in A, spirographidis Schiffn. to two 
cells (739). In most other Ceramiaceae the fertile lateral is represented 
merely by the supporting cell and an overlying sterile cell, although 

^ As A, floccosum. 
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the latter may later divide ((389) p. 85, (397) p. 19). The sterile cell 
(figs. 271 B ; 272 B, C, sc) is cut off from the supporting cell prior to 
the development of the carpogonial branch (cf. however (180) p. 350). 
In Crouania ((389) p. 77) the single fertile member of a whorl is always 
much reduced and sometimes represented only by the supporting 
cell, and this is invariably so in Callithamnion (fig. 273 A), where 
there are no sterile cells in the procarp. 

In Antithamnion plutnula ((380) p. 61, (siS) p. 356, (558) p. 366, (586) 
p. 236) the carpogonial branch arises from the under side of the basal 
cell (fig. 270 A, su) of the lateral and, at first, the supporting cell does not 
differ in any way from the others (^^:); after fertilisation an auxiliary 
cell with dense contents {a) is cut off on the upper side. The fertilised 
carpogonium (fig. 270 B, cp) cuts off a small connecting cell {co) which 
fuses with the auxiliary cell {a). The gonimoblast-initial (fig. 270 C, 

D, gi) originates from the upper side of the latter and gives rise to 
several tufts of threads (fig. 270 E), in which the basal cell (s) remains 
sterile, while the remainder develop into carposporangia. The latter 
constitute several distinct groups (gonimolobes, fig. 270 F) and are 
surrounded by a loose envelope (e) formed from neighbouring sterile 
branches; in A. pacificum ((150) p. 287) and A. spirographidis (739) the 
gonimolobes ripen successively. Diverse investigators record fusions 
at the base of the gonimoblast ((93) p. 376, (150) p. 287, (siS) p. 357). 
Platythamnion villosum ((iso) p. 288, (380) p. 51) shows similar features. 
The cystocarps of Ballia occur in the axils of the fertile laterals. 

The procarps of Ceramium ((326) p. 120, (380) p. 63, (456), (518) p. 361, 
(ss8) p. 372) develop just behind the apices. The supporting cell is 
the first-formed pericentral of a segment and commonly bears two 
carpogonial branches, although in C. ruhrum there is only one. Two 
carpogonial branches are also met with in the closely related Micro- 
cladia glandulosa ((68) p. 15, (460) p. 292). The post-fertilisation de- 
velopment of Ceramium does not differ in any important detail from 
Antithamnion. 

In Wrangelia penicillata ((69) p. 183, (386), (766) p. 381) the procarps 
arise on special distichous laterals of limited growth, which are 
crowded together at the apices of the main thallus-branches ; in these 
fertile laterals (fig. 271 A-C) the pericentrals of the upper 10-15 seg- 
ments produce whorls of branchlets consisting of only 2-3 cells. The 
slightly enlarged basal cell of the oldest member of each whorl {su), in 
the middle segments, bears a curved carpogonial branch (r, 2, 3), while 
the cells above {sc) are sterile ; usually only one carpogonium on each 
lateral is fertilised. After fertilisation (fig. 271 E) all the branchlets (/) 
of the fertile lateral develop further and form a dense group overtopped 
by surrounding sterile branches (e). The gonimoblast-threads (fig. 271 

E, g) spread over the axial cells (a) of the fertile branch and establish 
secondary pit-connections with the lower cells of the sterile laterals (/). 
The large terminal carposporangia {ca) are formed on branches of the 
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creeping gonimoblast. The single cystocarp (fig. 271 E), produced 
from a fertile lateral, is traversed by the axial cells (a) and is provided 
with an incomplete, though relatively compact, envelope formed by the 
sterile laterals (/). 



Fig. 271. Wrangelia penicillata C. Ag. A, apex of fertile branch with two 
carpogonia, the successive cells of the carpogonial branches numbered; 
B, young and C, mature procarp; D, formation of auxiliary cell; E, vertical 
section of mature cystocarp. a, axial cell ; aw, auxiliary cell ; ca, carposporangia ; 
cpy carpogonium ; e, enveloping threads ; g, gonimoblast ; /, lateral ; sCy sterile 
cell ; suy supporting cell ; trichogyne. (E after Bornet and Thuret ; the rest 
after Kylin.) 

The fertile branchlets of Griffithsia^ (fig. 272 A, B,/Z>), which consist 
of a few multinucleate cells (3 in G, corallina ; 5 in G. setacea)y arise 
from the apices of the large axial cells (a), although soon deflected by 

^ See (193) p. 132, (326) p. 122, (37s), (383) p. 58, (428) p. 656, (478) p. 396, (S18) 
P. 357 , (586) p. 236, (638) p. 58, (647). 
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the development of a lateral. The lowest cell of the branchlet (fig. 
272 C, j) later gives rise to the envelope of the cystocarp, while the 
subterminal one (2) produces the procarp. This cuts off three (usually 
only two in G. glohifera) uninucleate pericentrals (cf. Spermothamnion 
and Compsothamnion), those to the right and left developing into two- 
celled branchlets {su^ sc)^ the basal cell of which bears a carpogonial 
branch (cf. also fig. 272 B). There is direct fusion between the 
auxiliary cell^ and the carpogonium ; a special connecting cell is not 
produced. The auxiliary cell (fig. 272 D, au) produces several gonimo- 
blast-initials {gi) which develop successively into richly branched 
gonimolobes, most of the cells of which give rise to uninucleate 
carpospores in basipetal sequence. Meanwhile there is considerable 
enlargement of the pit-connections {pi) between the cells of the fertile 
branchlet {1-3), while the sterile cell (^t:) and supporting cell {su) fuse 
with one another and with the axis (2, 3) of the branchlet (cf. also (442) 
p. 382); later the auxiliary cell {au) fuses with the supporting cell. 
The few enveloping threads {e) consist of only two cells. The ripe 
fruits, either sessile {G. corallina) or borne on short branchlets, are 
situated between the large cells of the thallus. Similar cystocarps 
occur in Halurus ((478) p. 399) and Bornetia ((691) p. 158). 

In recent years the fruit-development of Spermothamnion roseolum 
has been repeatedly investigated.^ The procarps (fig. 272 E, F) are 
produced on short laterals occupying the lower portions of the side- 
branches. The three upper cells (J-j) of these laterals possess dense 
contents and, as in Griffithsia^ the subterminal one cuts off three 
pericentrals; the first, which subsequently degenerates, is formed 
abaxially {p in fig. 272 F), the others on the right and left flanks 
respectively {p and su in fig. 272 E ; su in F). One of the latter consti- 
tutes the supporting cell {su) of the carpogonial branch and produces 
a single sterile cell {sc ) ; the carpogonial branch (fig. 272 F, cb) curves 
towards the adaxial side of the fertile lateral. The entire procarp is 
enveloped in mucilage (m). 

After fertilisation both of the last-formed pericentrals (one the 
supporting cell of the carpogonial branch, fig. 272 G, H, su) cut off 
auxiliary cells {au). The carpogonium (fig. 272 H, cp) puts out pro- 
cesses {co) which become cut off as connecting cells and fuse with the 
auxiliary cells; according to Drew ((176) p. 562, (179) p. 472) the 
zygote-nucleus divides twice and products enter the respective con- 
necting cells. Some investigators ((558) p. 303, (606) p. 239) record 

^ Lewis’ statement (cf. also (so) p. 207) that in G. glohifera the supporting 
cell itself acts as the auxiliary cell remains doubtful. 

2 Kylin ((380) p. 53) and Schussnig ((606) p. 236) differ in their interpreta- 
tion of the procarp (cf. also (387) p. 79, (389) p. 60, (ss8) p. 302, (603), (604) 
p. 534 and footnote 2 on p. 683); that of the former, which is supported by 
Drew and others ((176) p. 568, (179) p. 471, (460) p. 283) is adopted here. The 
data in the older literature ((68) p. 28, (326) p, 115, (478) p. 348, (500) p. 705, 
(531) p. 27) are only in part correct. 
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Fig. 272. A-D, Griffithsia corallina (Lightf.) Ag. ; A, early development of 
carpogonial branch; B, almost mature procarp; C, diagram of fertile axis, with 
two procarps; D, post-fertilisation fusions and formation of gonimoblast- 
initials (i-j in A-D the three cells of the fertile axis). E-J, Spermothamnion 
roseolum (Ag.) Pringsh.; E, young procarp seen from the abaxial side; F, 
procarp at time of fertilisation seen from the flank; G, formation of auxiliary 
cell; H, formation of connecting cells (co); I, development of gonimoblast; 
J, mature gonimoblast (j-j in E-I the cells of the fertile axis), a, axial cell; 
aUy auxiliary cell; ca, carposporangia ; c6, carpogonial branch; co, connecting 
cells; cpy carpogonium; e, enveloping threads ;/6, fertile branch; g, gonimo- 
blast; giy gonimoblast-initial ; m, mucilage -envelope; py pericentral; piy pit- 
connections; Sy spermatium; sCy sterile cell; sUy supporting cell; ty trichogyne. 
(After Kylin.) 
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fusions between the cells of the carpogonial branch. The auxiliary 
cells divide transversely into four (fig. 272 I, g) and each segment 
produces several laterals forming terminal carposporangia (fig. 272 
J, ca). The products of the two gonimoblasts usually combine to form 
a single fruit which is surrounded by a few sterile threads (^), arising 
from the lower cells of the fertile branchlet. 

In Callithamnion^ the procarp (fig. 273 A) normally includes two 
auxiliary mother-cells (pericentrals), only one of which {su) bears the 
curved carpogonial branch {cb) ; the other (m) is sometimes wanting. 
The carpogonium {cp) lies about midway between the two mother- 
cells, each of which (fig. 273 B, I) produces an auxiliary cell {a). The 
fertilised carpogonium (fig. 273 C, I) broadens and divides longi- 
tudinally into two cells {co). Each of these cuts off a small connecting 
cell (figs. 224 E, CO ; 273 B, cc) which fuses with a slight protuberance 
(fig. 273 C, D) from the adjacent auxiliary cell (a) ; there is consider- 
able resemblance to the mode of formation of a secondary pit- 
connection. The nucleus of the auxiliary cell (an) takes up a basal 
position, while one of the two diploid nuclei (dn) travels to the apex 
of the auxiliary cell, meanwhile undergoing considerable enlarge- 
ment. The degenerating auxiliary nucleus (figs. 224 F, hn ; 273 E, an) 
and the other diploid nucleus (dn) are cut off by a basal septum, 
while the gonimoblast (fig. 273 F, g) arises from the apex of the 
auxiliary cell. The naked masses of carposporangia are either spherical 
(C. corymbosuniy fig. 273 J) or composed of a number of successively 
maturing lobes (C. Furcellarieae (374)). In Seirospora Griffithsiana ((50) 
p. 224, (460) p. 284, (590) p. 1 16), with similar procarps, the gonimo- 
blasts are loosely branched. 

The procarps of Ptilota plumosa ((380) p. 59, (5»8) p. 362)^ are again 
borne on short laterals in which the subterminal cell produces three 
pericentrals, but here the carpogonial branch arises from the first- 
formed abaxial one (fig. 274 A). The details are difficult to decipher 
owing to the outgrowth of all three pericentrals, as well as of the 
terminal cell of the fertile lateral, into sterile branchlets ending in 
elongate unicellular hairs (h). The fertilised carpogonium (fig. 274 B, 
cp) forms a special connecting cell (co) which fuses with the auxiliary 
cell (a). The procarps of Plumaria elegans ((180) p. 350, (si8) p. 362, (660) 
p. 3) show no important differences. 

The fertile pinnae of Compsothamnion ((737) p. 357 ) develop their 
procarps (fig. 273 G) in the same way, the subterminal cells successively 
producing three pericentrals (px, suy P 3 )y each of which generally bears 
a sterile cell (sc). The second and third pericentrals constitute auxiliary 
mother-cells and the former produces the carpogonial branch. The 

^ See (380) p. 56, (425) p. 1 17, (461) p. i 79 i (499) p. ii 5 > (558) p. 316, (586) 
p. 236, (590) p. 1 1 5, (733) p. 135, (734) p. 164, (736) p. 197- The older accounts 
((67) p. 145, (68) p. 32, (326) p. 1 1 7, (692) p. 69) are not altogether correct in 
matters of detail. 

^ Davis’ account ((163) p, 356) of P. serrata is erroneous. 
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Fig. 273. A-F, y; Callithamnion corymbosum (Smith) C. Ag. ; A, branch- 
system with young procarp; B, formation of auxiliary and connecting cells, 
the parts somewhat displaced; C, D, fusion of the two; E, formation of 
gonimoblast-initial ; F, later development of gonimoblast; J, mature gonimo- 
blasts. G, H, Compsothamnion thuyoides (Smith) Schmitz ; G, young procarp ; 
H, mature gonimoblast. I, Callithamnion Furcellariae J. Ag., formation of 
auxiliary and connecting cells, a, auxiliary cell; aw, auxiliary cell nucleus; 
cOf carposporangia ; cb^ carpogonial branch ; cc, connecting cells ; co, the two 
cells into which the fertilised carpogonium divides; cp, carpogonium; dn^ 
diploid nucleus; g, gonimoblast; gf, gonimoblast-initial; m, auxiliary mother- 
cell; Py pericentral; sCy sterile cells; suy supporting cell; /, trichogyne. (G, H 
after Westbrook; I after Kylin; J after Thuret and Bornet; the rest after 
Oltmanns.) 
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naked fruits (fig. 273 H) are lobed. The sterile cells cut off from the 
second and third pericentrals, after further division, usually produce 
hyphae which establish pit-connections with the cells of adjacent 
laterals. 

Ptilothamnion ((69) p. 179 , (387) p. 77 ) is essentially like Spermo- 
thamnion, although the procarps are usually produced at the tips of 
longer branches and a single auxiliary cell is the rule. Sphondylo-‘ 
thamnion ((69) p. 180 , (458) p. 189 ) also has similar procarps. 

Those of Spyridia ((520) p. 552) are formed on adventitious laterals 
(fig. 274 C), which consist of alternating sterile (5) and fertile (/) seg- 
ments. The latter produce procarps alternately to right and left, the 
fertile segment forming four pericentrals (/>), one of which (^m) bears 
the carpogonial branch. Growth in length of the axis is terminated by 
the fertilisation of a procarp. The first of the several pericentrals of each 
sterile segment gives rise to a “filament’* (fi), while the others, as well 
as the pericentrals of fertile segments whose procarp fails to develop 
further, grow out into richly branched threads (fig. 274 E, e). The other 
changes occurring after fertilisation are obscure and require further 
investigation. According to Phillips ((520) p. 555 ) there are three goni- 
moblasts (fig. 274 D, E, g) which arise from cells (sa) cut off from the 
three remaining pericentrals (p) of the fructifying segment ; these cells 
are stated to put out processes (fig. 274 E) which fuse with the large 
auxiliary cell (a) — a very unusual state of affairs. Many of the gonimo- 
blast-cells produce carpospores. The entire fertile branch (cf. Wrangelia) 
gives rise to a three-lobed fruit and the carposporangia are embedded 
amid the sterile threads described above (cf. fig. 274 E) ; only the basal 
parts of the “filaments” persist. 

Kylin ((389) p. 76) distinguishes among Ceramiaceae two series, 
viz. {a) Crouaniay Antithamniony Platy thamnion y Ceramiumy Wrangeliay 
in which the branches bearing procarps are homologous with vege- 
tative laterals of limited growth, and (b) Griffithsiay Spermothamniony 
Ptilotay Callithamniony in which vegetative laterals of limited growth, 
comparable to those which bear the procarps, are lacking. In the 
second series the fertile laterals are always reduced to a few cells. 
The vegetative laterals, seen in Griffithsiay Sphondylothamniony and 
HaluruSy are regarded as secondary in origin and not as homologous 
with those of a Crouania or Antithamnion. This point of view is 
justified by a comparison of the mode of origin of the procarps in the 
different genera. 

Most Ceramiaceae are dioecious and the male plants are frequently 
smaller than the female; Spermothamnion and certain Ceramiums are 
usually monoecious. The antheridia commonly form dense clusters 
(fig. 275 C, H, a) on branchlets that arise for the most part from the 
upper sides of the laterals, as in Antithamnion plumula ((93) p. 374, (558) 
p. 365), Spermothamnion ((179) p. 470, (558) p. 301, (606) p. 230) and 
Compsothamnion ((89) p. 185, (737) p. 356). One or two of the basal cells 
of the branchlet are generally sterile (fig. 275 I, K, s)y while the mother- 
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cells (m) arise by periclinal division of the remainder. The sori of 
Callithamnion^ (fig. 275 G) constitute spherical or cushion-like groups, 



su 


Fig. 274. A, B, Ptilota plumosa (L.) Ag, (after Kylin); A, apex of a branch- 
system with hairs and a young procarp; B, formation of auxiliary and con- 
necting cells. C-E, Spyridia filamentosa (Wulf.) Harv. (after Phillips); C, part 
of a lateral bearing procarps; D, transverse and E, longitudinal sections of a 
developing cystocarp. a, auxiliary cell; aCy apical cell; c, cortical cell; cby 
carpogonial branch ; cOy connecting cell ; cpy carpogonium ; By threads forming 
envelope;/, fertile axial cell;/, “filament”; g, gonimoblast ; gf, gonimoblast- 
initial ; hy hair ; p, pericentral ; 5, sterile axial cell ; say parent-cells of gonimo- 
blasts ; suy supporting cell ; ty trichogyne. 

enclosed in a common gelatinous sheath and composed of a dense mass 
of small-celled threads on which the mother-cells arise terminally. In 

^ See (85) p. 258, (258) p. 223, (453) p. I 7 f (558) p. 316, (692) p. 69, (733) p. i35> 
(734) p. 162, (736) P..196. 




Fig* 275. Antheridia of Ceramiaceae. A, Griffithsia globifera (Harv.) J. Ag., 
tip of a male plant with antheridial sori (a). B, Wrangelia penicillata C. Ag., 
antheridial branch. C, I-K, Spermothamnion repens (Dillw.) Rosenv. ; 

C, distribution of antheridial sori; I-K, a sorus enlarged, in J in cross-section. 

D, Griffithsia corallina (Lightf.) Ag., one of the antheridial branches com- 
posing a sorus. E, Ceramium diaphanum (Lightf.) Roth, two sori. F, C. 
ruhrum (Huds.) C. Ag., surface view of small part of same. G, Callithamnion 
corymbosum (Smith) C. Ag. and H, Compsothamnion thuyoides (Smith) 
Schmitz, antheridial sori. a, antheridia or antheridial sori; aXy axial cell; 
cOy cortical threads; e, enveloping threads; /*, hair; m, antheridial mother-cell; 
Sy stalk-cell. (A after Lewis; B after Boergesen; C, I-K after Rosenvinge; 
D after Kylin; E after Taylor; F after Grubb; G after Thuret & Bornet; 
H after Westbrook. 
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Ptilota ((518) p. 365, (558) p. 357) and Plumaria ((86) p. 247, (180) p. 354) 
the antheridia cover the tips of the finer branches. The mother-cells 
in Ceramium ((84) p. 342, (8s) p. 260, (258) p. 228, (513) pp. 50, 85) arise 
by division of the cells of the cortical bands (fig. 275 E, F), while in 
Spyridia ((8s) p. 260, (s2o) p. 551) the greyish sori occupy the cortical 
bands of the “filaments”. 

The peculiar male heads of Wrangelia ((so) p. 121, (766) p. 380), 
simulating the conidiophore of an Eurotium (fig. 275 B), comprise 
numerous branchlets borne on the globular terminal cell and enveloped 
by several one-celled threads (e). The antheridial sori of Griffithsia ((258) 
p. 215, (375) p. 1 13, (638) p. 57, (692) p. 71), lastly, form caps on the 
terminal segments or encircle the constrictions between the younger 
cells (fig. 275 A, a) ; they consist of densely branched laterals (fig. 275 
D) composed mainly of uninucleate cells. For the male sori of Halurus 
see (258) p. 220; for those of Bornetia^ see (458) p. 192. 

The mother-cells usually produce two or three antheridia (fig. 275 
D, F ; four in Halurus) and secondary antheridia are often formed. 

(m) Delesseriaceae. 

Of the two groups of sterile cells, characteristic of the procarps of 
this family (figs. 277 A; 279 B, C, E), one (si) is cut off from the 
supporting cell (su) before, and the other (s 2 ) after, the formation of 
the initial of the carpogonial branch (cd). The first group is homo- 
logous with the sterile cells of Ceramiaceae and, as there, represents 
what is left of the fertile lateral bearing the carpogonial branch (cf. 
p. 684). The second group, on the other hand, is homologous with 
the carpogonial branch itself, since in Polyneura (fig. 281 C) and the 
Australian Hemineura ((382) p. 5) it is replaced by a second (2), though 
less strongly developed, carpogonial branch ((382) p. 36, (389) p. 85, 
(397) p. 17); according to Phillips ((519) p. 193^) this is sometimes also 
so in Apoglossum ruscifolium. In the Delesserieae, by contrast to the 
Nitophylleae, the first set of sterile cells acquire dense contents only 
after fertilisation. 

In all Delesserieae the procarps arise from the axial cells of the 
fertile fronds. In Delesseria sanguinea^ these are constituted by minute 
lanceolate leaflets, arising in considerable numbers in autumn from 
the midribs of the vegetative fronds. Every axial cell of such a fertile 
leaflet, apart from a few of the apical segments which develop only 
lateral pericentrals (fig. 276 B, />), produces a pair of procarps (fig. 
276 A). The first step in their development is the cutting off, in the 
plane of the frond, of tangential pericentrals (cf. fig. 279 D, p) which 
function as supporting cells (fig. 276 A, su). Each divides periclinally 
(fig. 276 E) to produce the first sterile cell (sc), after which the initial 
of the carpogonial branch (cb) is cut off by an anticlinal wall (cf. also 
fig. 279 E). The carpogonial branches usually arise alternately to right 


^ See (353) p. 42, (380) p. 95, (S19) p. i 75 » p. 275, (668). 
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Fig. 276. Delesseria sanguinea Lamour. ; A, side-view of fertile frond; B, part 
of a fertile frond in front view, greatly enlarged ; C, outline of cystocarp, seen 
from the side; D, longitudinal section in a plane perpendicular to B, with 
developing cystocarp; E, developing procarp in section; F, procarp at time 
of fertilisation; G, cystocarps (cy) on midrib of frond of previous season; 
H, formation of gonimoblast-initial. a, axial cell; ac, apical cell; aw, auxiliary 
cell nucleus; aw, auxiliary cell; c6, carpogonial branch;/, tip of fertile frond; 
g, gonimoblast; gt, gonimoblast-initial; m, midrib; w, trichogyne nucleus; 
py pericentral; pe, stalk of cystocarp ; po, aperture of cystocarp; sc, sterile cell; 
suy supporting cell; r, trichogyne; w, wall of cystocarp. (E, F, H after 
Svedelius; the rest after Phillips.) 
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and left in successive segments (fig. 276 B), the pair belonging to a 
given segment being mostly directed to the same side; the inflated 
trichogynes (t) project obliquely above the general surface. The 
second cell of the carpogonial branch is larger than the others (fig. 
276 F). As many as 50 procarps may be formed in a fertile leaflet and, 
since they mature ^ in acropetal succession, fertilisation is possible 
over a prolonged period. At about the time of fertilisation a second 
sterile cell (not visible in the figures) is cut off from the supporting 
cell and both sterile cells divide to form short threads (cf. fig. 279 
F, G, SI, s 2 ). 

The entire fertile leaflet forms a single cystocarp and, as a general 
rule, probably only one procarp is fertilised. According to Phillips 
((si 9) p. 180) its axial cell and the associated pericentrals, as well as 
the adjacent axial cells, acquire abundant contents so that they are 
readily picked out with a lens in a leaflet suitably stained. The lower 
cells of the carpogonial branches of the remaining procarps grow out 
into vegetative threads and help in the formation of the pericarp 
(fig. 276 D, w). The carpogonium fuses directly with the auxiliary 
cell of the fertilised procarp, while the gonimoblast-initial (fig. 276 
H, gi) gives rise to a richly branched thread, in which many of the 
cells form carpospores. During these events the cells of the sterile 
threads (fig. 276 D, sc) have multiplied and acquired dense contents; 
later the cells disintegrate leaving a cavity which is occupied by the 
gonimoblast. The auxiliary cell fuses with the supporting and axial 
cells, as well as with some of the older gonimoblast cells, to form a 
large fusion-cell (cf. fig. 277 D, /), upon which the rows of carpo- 
sporangia are borne. The mature cystocarps (fig. 276 C, G) are pedicel- 
late {pe) and provided with an aperture (fig. 276 D, po) \ they consti- 
tute asymmetrical swellings (fig. 276 C), the surmounting flap (/) 
representing the apex of the fertile leaflet. 

The arrangement and structure of the procarps (fig. 277 A, B) and 
the mode of production of the cystocarp (fig. 277 D) are essentially the 
same in Membranoptera ((380) p. 112, (519) p. 185), Apoglossum ((380) 
p. 87, (519) p. 188), and Hypoglossum ((382) p. 10, (519) p. 187), although 
here the procarps arise from the midribs of the ordinary vegetative 
fronds (figs. 189 D; 277 C). Similar cystocarps occur in Caloglossa 
((146) p. 9). 

In Grinnellia the procarps usually appear scattered (fig. 190 A, cy) 
as in Nitophylleae, but they actually arise ((382) p. 22)^ from fertile 
leaflets (fig. 278 A, the shaded group) resembling those of a Delesseria, 
although completely embedded in the parent-thallus ; the procarp 
arises from one of the axial cells {a) of such a leaflet. Occasionally the 
fertile expanses develop as leafy structures projecting above the surface 
(fig. 278 C, /) and within them a number of procarps may be formed ; 
the resulting cystocarps then appear stalked (fig. 278 B, cy), 

^ See also the account of Brannon ((75) p. 14) which is, however, erroneous 
in certain respects. 




Fig. 277. A, C, Memhranoptera alata (Huds.) Stackh. ; A, apex of frond 
showing development of procarps, in surface-view; C, part of a frond, with 
two cystocarps (cy). B, D, Hypoglossum Woodwardii Kiitz. ; B, surface-view 
of part of frond, with developing procarps; D, transverse section of cystocarp. 
a, axial cell ; apical cell ; aw, auxiliary cell ; ca, carposporangia ; c6, carpo- 
gonial branch; cpy carpogonium ; /, fusion-cell; siy 8 2, sterile cells; su, sup- 
porting cell; ty trichogyne; w, wall of cystocarp; i (in A), the first-formed 
sterile cell (deeply shaded). (After Kylin.) 



Fig. 278. Grinnellia americana (C. Ag.) Harv. (after Kylin). A, surface-view 
of fertile area, with procarp ; B, cystocarp ; C, specially developed fertile area. 
a, axial cell; ac, apical cell; cb, carpogonial branch; cy, cystocarp;/, fertile 
frond; sc, sterile cell; su, supporting cell. 
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Fig. 279. Phycodrys rubens (Huds.) Batt, (after Kylin). A-C, successive stages 
in development of procarp, in surface-view ; D-H, the same, in vertical sec- 
tions of the frond; I, formation of auxiliary cell and nuclear division in 
carpogonium; J, formation of gonimoblast-initial. a, axial cell; aw, auxiliary 
cell; cby carpogonial branch; cp, carpogonium; gi, gonimoblast-initial; 
py pericentral; sJ, sCy sterile cells; sUy supporting cell; ty trichogyne; Wy 
wall of cystocarp. 
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The procarps of Claudea ((so8) p. 21) and Vanvoorstia ((508) p. 43) 
arise from the dorsal pericentrals (p. 539). The single cystocarp, pro- 
duced from each fertile frond, bears tooth-like projections on its lower 
surface representing daughter-blades which have failed to anastomose. 

Phycodrys rubens ((357) p. 255, (380) p. 71, (519) p. 191), like other 
Nitophylleae, shows an irregular disposition of the procarps, which 
appear as white dots near the margins or on special marginal pro- 
liferations of the older fronds. The fertile cells, which are larger and 
have denser contents (fig. 279 A, su)^ cut off tangential pericentrals 
(fig. 279 D, p) which divide like those of Delesseria to form pairs of 
procarps (fig. 279 E-G), with the trichogynes standing perpendicular 
to the frond (fig. 279 H). The adjacent vegetative cells likewise cut 



Fig. 280. Vertical sections of cystocarps of Nitophylleae (after Kylin). 
A, Phycodrys rubens (Huds.) Batt. B, Nitophyllum punctatum (Stackh.) Grev. 
C, Polyneura Hilliae (Grev.) Kyi. ca, carposporangia ; /, fusion-cell; gy goni- 
moblast; w, wall of cystocarp. 

off tangential pericentrals (fig. 279 F-H, p). Both sterile cells divide 
(fig. 279 F, G, SI, s 2 ), the colourless elements thus formed overlying 
the supporting cell (su) and carpogonial branch. 

After fertilisation (fig. 279 I), as the auxiliary cell (au) is cut off, 
nutritive materials accumulate in the axial (a) and adjacent cells, as 
well as in the two groups of sterile cells (si, s 2 ), while the latter 
lengthen at right angles to the surface (fig. 279 J). Simultaneously 
division of the surrounding pericentrals initiates the cystocarp-wall 
(zv). The gonimoblast-initial (^f) segments vertically to form a small 
disc, the cells of which give rise to richly branched threads (fig. 280 
A, g) in which 2-4 of the upper cells produce carpospores (ca). These 
threads radiate from a large fusion-cell (/) which is formed as in 
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Delesseria. During the development of the gonimoblast the sterile 
(nutritive) cells disorganise, the resulting gap forming the aperture 
of the cystocarp. 

Other Nitophylleae are essentially similar (cp. fig. 281 D with 279 J). 
In Polyneura ((382) p. 35, (sig) p. 193),^ as already noted above, the 
second group of sterile cells is replaced by a carpogonial branch (fig< 
281 C, 2) which is sometimes imperfect; in Cryptopleura (fig. 195 A, 
p\ (382) p. 86, (442) p. 394, (3»9) p. 193)^ the sterile groups (fig. i8i E, 



Fig. 281. A, B, Nitophyllum punctatum (Stackh.) Grev.; A, young procarp, 
seen from the surface; B, procarps, in transverse section of frond. C, D, 
Polyneura Gmelini (Grev.) Kyi. ; C, two procarps (r, 2), seen from the surface ; 
D, post-fertilisation changes, transverse section of frond. E, Cryptopleura 
lacerata (Gmel.) Kutz., procarp seen from the surface. F, Martensia fragilis 
Harv., transverse section through fertile margin of lamella, with young pro- 
carp. a, axial cell; am, auxiliary cell; c, axial cell; c6, carpogonial branch; 
CO, cortical cells; cp, carpogonium; gi, gonimoblast-initial ; si, s2, sc, sterile 
cells; su, supporting cell; t, trichogyne; w, wall of cystocarp. (F after 
Svedelius; the rest after Kylin.) 

SI, s2) include very few cells. Diverse Nitophylleae form terminal 
carposporangia only. This is so in Cryptopleura, Nitophyllum punctatum 
(fig. 280 B; (382) p. 70, (396) p. 6), Acrosorium (509), and Martensia. 
Nitophyllum differs from other Delesseriaceae in that the fertile cell 
(fig. 281 B, c) cuts off on either surface two pericentrals, that first 

^ As Nitophyllum. 
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formed (co) producing two or three ordinary cortical cells (fig. 281 A, 
co)y while the other is the supporting cell (su)y which, apart from the 
carpogonial branch (cfe), bears only one group of sterile cells (5c). 

In Martensia ((663) p. 8j) the procarps arise within the margins of the 
longitudinal lamellae (p. 541). In a transverse section (fig. 281 F) the 
supporting cell (su) is seen to be cut off as usual from one of the axial 
cells (c)y which are continuous with the single-layered part of the 
lamella. The cells of the carpogonial branch are multinucleate. The 
auxiliary cell is stated to establish connection with the second cell of 
the carpogonial branch, but this requires confirntation. The richly 
branched gonimoblast-threads are surrounded by a number of nutritive 
filaments, arising from the supporting and perhaps also from adjacent 
cells, but no fusion-cell is formed. The mature cystocarps appear as 
large swellings on the margins of the longitudinal lamellae. 

The Delesseriaceae are almost invariably dioecious and the male 
plants are commonly smaller than the female or asexual ones, a feature 
which is very marked in Caloglo$sa and Martensia. In Delesseria san- 
guinea ((87) p. 296, (357) p, 255, (380) p. 103, (667)) the antheridial sori 
cover both surfaces (except for a narrow margin) of the minute male 
fronds. Those of Membranoptera ((87) p. 296, (380) p. 112) frequently 
occur on similar proliferations situated in the angles between the 
branches. In Vanvoorstia (508) they cover the ultimate blades, which 
have not yet anastomosed, while in Gonimophyllum ((27), (382) p. 95) they 
occupy practically the whole frond. The sori of Martensia (fig. 282 H, 
a ; (663) pp, 59, 66) occur on either surface of the longitudinal lamellae. 

In other Delesseriaceae the sori occupy more restricted areas. Thus, 
in Apoglossum ((87) p. 296, (357) p. 256, (380) p. 90), Caloglossa Leprieurii 
((so) p. 343, (146) p. 9), and Hypoglossum ((85) p. 261) they are situated on 
either side of the midribs, while in Phy codry s ((3S7) p. 255, (380) p. 66) 
and Cryptopleura ((86) p. 249, (258) p. 198, (382) p. 88) they appear within 
the margins of the younger fronds (fig. 282 C) ; in the former they some- 
times occupy special marginal proliferations. The marginal sori are 
often broken up into separate groups, as in Polyneura (fig. 282 F ; (87) 
P. 295, (258) p. 194, (382) p. 43) and Nitophyllum ((382) p. 73, (475) p. 219). 
The minute male sori qf Grinnellia ((75) p. 13) are irregularly scattered 
over the thallus (fig. 282 B). 

The regions bearing antheridia always become several-layered (fig. 
282 A, G), the many small mother-cells (m) being formed by anticlinal 
division of the pericentrals. As a general rule two or three antheridia 
are produced successively (fig. 282 D, E) ; in Martensia they at^ formed 
by abstriction (fig. 282 G) and occur in short rows. 

(iii) Rhodomelaceae. 

In most Rhodomelaceae (cf. (192) p. 108, (516), (517)) the proc^rps are 
formed on the trichoblasts (p. 544), generally on the supraba^al seg- 
ment t (figs. 283 A, B; 284 A, which, like the basal segment (j), 

^ In Rhodomela ((192) p. 597, (558) p. 459) sometimes on the third or fourth 
segment. 



Fig. 282. Antheridia of Delesseriaceae. A, Delesseria sanguinea Lamour., 
transverse section of male frond, antheridium-development. B, Grinnellia 
americana (C. Ag.) Harv., development of antheridia seen from the surface. 
C, Phycodrys rubens (Huds.) Batt., part of frond with sori. D, E, Polyneura 
Hilliae (Grev.) Kyi., antheridium>formation; D, in section; E, in surface- 
view, the numerals indicate the order of development. F, P. Gmelini (Grev.) 
Kyi., part of frond with sori. G, H, Martensia fragilis Harv.; G, transverse 
section of part of lamella showing antheridium-development; H, surface-view 
of a lamella with sori. a, antheridia and antheridial sori; c, axial cell; m, 
antheridial mother-cells; mr, midrib. (A, G, H after Svedelius; D E after 
Grubb; the rest after Kylin.) 
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becomes polysiphonous. The fertile segment normally produces five 
pericentrals (fig. 284 B -D). The first two (j, 2) are cut off abaxially, 
the next two (j, 4) on the flanks, and the fifth (51/) on the adaxial 
(ventral) side; this last one gives rise to- the procarp. It produces in 
succession (figs. 283 D; 284 A, su) a lateral sterile cell (^ z), the four- 
celled carpogonial branch {cb), and lastly the second (basal) sterile 
cell {s2\ cf. especially (397) p. 5), a sequence identical with that found 
in Delesseriaceae (p. 694). The first sterile cell, as in other Ceramiales, 
represents the only vegetative cell of the fertile lateral, while the 
second, which corresponds to that of Delesseriaceae and Dasyaceae, 
is homologous with a carpogonial branch (cf. also (516) p. 294, (605) 
pp. 232, 262). The sterile cells divide after fertilisation (fig. 283 F 
sc) and may fulfil a nutritive function ((389) p. 84), although it has also 
been suggested that they serve to separate the cystocarp-wall from 
the developing gonimoblast ((371) p. 45). The cellaof the carpogonial 
branch are commonly binucleate (fig. 283 D; (756) p. 413). The 
auxiliary cell is cut off apically from the supporting cell, and the 
gonimoblast develops sympodially (cf. below). The cystocarps (figs. 
283 J ; 284 E; 285 D) always have a definite aperture and the wall is 
produced mainly from the two lateral pericentrals of the fertile 
trichoblast-segment (fig. 283 C, e). It is characteristic of Rhodo- 
melaceae that this envelope usually commences to develop already 
prior to fertilisation. 

These general features are well illustrated by Polysiphoniay^ where 
the fertile trichoblasts arise just behind the apex. The development 
of the procarp (fig. 283 A-C) takes place as above described. The 
sterile cells, which Yamanouchi ((756) p. 416) incorrectly calls auxiliary 
cells, divide transversely after fertilisation (fig. 283 E, sc)y while an 
open communication is established (fig. 283 I) between the carpo- 
gonium (cp) and auxiliary cell (au). In P. decipiens Connolly ((141) 
p. 13 1 ) describes the formation of a connecting cell, which fuses with 
the auxiliary cell; this has not been observed in other species, 
although recorded also in Laurencia pinnatifida ((380) p. 127). It is 
probable that only one of the two diploid nuclei (fig. 283 I, dn) passes 
into the auxiliary cell, which fuses with the supporting cell (su ) ; later 
the fusion-cell also amalgamates with the axial cell of the fertile seg- 
ment. The mode of development of the gonimoblast is peculiar to 
Rhodomelaceae ((192) p. ido). The initial gives rise to a number of 
short threads, the terminal cells of which develop into large and 
commonly pear-shaped carposporangia (fig. 283 J, ca)y while the 
subterminal ones grow out into two-celled branches, the end-cells of 
which in their turn produce carpospores. This sympodial develop- 

^ See (141) p. 129, (380) p. 1 18, (397), (399), (si6) p. 297, (s47) p. 20, (710). The 
older literature ((67) p. 150, (68) p. 61, (586) p. 237, (590) p. 117) is only in part 
correct. Yamanouchi’s account ((756) p. 418) of the events following on fer- 
tilisation do not agree in detail with those of any subsequent investigation. 
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Fig. 283. A~C, E-K, Polysiphonia; J, P. violacea (Roth) Grev. ; the others 
P. nigrescens (Huds.) Grev. A-C, young procarps, at slightly different stages, 
in optical section in B and C; E-H, formation of auxiliary cell and develop- 
ment of cystocarp-wall ; I, fusion between carpogonium and auxiliary cell; 
J, mature cystocarp; K, structure of cystocarp-wall. D, Brongniartella 
byssoides (Good. & Wood.) Schmitz, procarp, a, axial cell; auxiliary cell 
nucleus; au, auxiliary cell; ca, carposporangia ; cb^ carpogonial branch; 
cp, carpogonium; driy diploid nucleus; cystocarp-wall (in K inner layer of 
wall); p, pericentral; pe^ outer layer of cystocarp-wall; pOy aperture of cysto- 
carp; SI, s2y sc, sterile cells; su, supporting cell; t, trichogyne; tr, trichoblast. 
The numerals i, 2 in A, B, D indicate the two basal segments of the tricho- 
blast. (D after Rosenberg ; J after Rosenvinge ; K after Phillips ; the rest after 
Kylin.) 
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ment may continue for some time, the resulting threads bearing 
successively ripening carposporangia which are irregularly inter- 
mingled. Meanwhile the fusion-cell unites with the gonimoblast- 
initial and with the sterile cells ((14O p. 130, (389) p. 84, (521) p. 149)- 

The envelope of the cystocarp ^ originates, already before fertilisa- 
tion (fig. 283 A, C-F, e), by the outgrowth of threads arising mainly 
from the lateral pericentrals of the fertile segment, although the 
adaxial pericentral of the basal segment (fig. 283 A, i) usually also 
plays a part ((192) p. 104, (380) p. 121). The young envelope (cf. 
especially fig. 283 C, D, consists of two lateral valves, composed of 
congenitally fused threads, which enclose the procarp like the shells 
of an oyster, the trichogyne (/) alone projecting. After fertilisation 
the two valves unite and each cell (fig. 283 K, e), except for the apical 
ones, cuts off two external pericentrals (pe); the envelope thus be- 
comes two-layered, with twice as many rows of cells in the outer as 
in the inner layer. Bornet ((65) p. 306) describes an abnormal fruit, in 
which the threads composing the envelope were free at the apices and 
here formed pericentrals on all sides. The spherical or urn-shaped 
cystocarps (fig. 283 J) are borne on a short stalk, formed from the 
basal segment of the trichoblast, while the aperture (po) is directed 
upwards. The upper part of the trichoblast is usually shed. According 
to Rosenberg ((547) p. 24) Brongniartella byssoides shows altogether 
similar features.^ 

Other Rhodomelaceae differ in the main only in the position of the 
procarps and in the structure of the cystocarp-envelope. The fertile 
trichoblasts are, as in Polysiphoniay commonly branched (e.g. Pollex- 
fenia \ Herposiphoniay fig. 205 E, t\ Placophord)^ but in Rhodomela ((192) 
p. 598, (371) p. 41, (380) p. 1 18, (516) p. 293) they are simple (fig. 284 A, tr). 

Those of Laurencia ((380) p. 127) and Chondria ((192) p. 202, (387) 
p. 85, (397) p. 15, (517) p. 197)'^ consist of only three segments, the second 
(fertile) one being larger than the others (fig. 285 B, C). Developing 
procarps are found on trichoblasts still enclosed within the apical de- 
pression (p. 554) and fertilisation ensues before they have emerged 
from the latter. Laurencia is exceptional in producing only four peri- 
centrals on the fertile segment. The urn-shaped cystocarps (fig. 285 A) 
are almost sessile (cf. also (so) p. 257). Ricardia ((54) p. 78, (387) p. 99, 
(397) p. 15) differs only in its embedded cystocarps. A similar reduction 
of the fertile trichoblasts is met with in diverse other specialised 
Rhodomelaceae (e.g. Amansia and Vidalia). 

^ Phillips’ description of the development of the envelope was corrected by 
Falkenberg ((192) p. 106) and Connolly ((14O p. 135), as well as by himself 
((S2i) p. 147). Yamanouchi ((756) p. 420), as well as Schussnig and Jahoda 
((605) p. 236, for Brongniartella) y however, erroneously follow the older 
account. 

* The account of Schussnig and Jahoda ((605) p. 227) is erroneous in diverse 
respects (cf. (389) p. 80, (S 47 ) p. 26). 

^ The older descriptions relating to Laurencia ((192) p. 245, (517) p. 199) and 
Chondria ((326) p. 126, (692) p. 91) are not correct in all respects. 
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Not all Rhodomelaceae, however, produce their procarps on definite 
trichoblasts. In Odonthalia ((192) p. 606, (397) p. 9) they are borne on 
cylindrical adventitious branches, arising from the margins of the 
fronds (fig. 284 E). The fertile segment is again mostly the second one 
and this produces five pericentrals in the usual sequence, so that it is 
probably justifiable to regard these branches as homologous with 



Fig. 284. A-D, Rhodomela virgata Kjellm.; A, young procarp; /, 2, the two 
basal segments of the trichoblast; B-D, developing procarp, as seen (B) at a 
high, (C) at a low, and (D) at a median focus; the numerals indicate the suc- 
cessive pericentrals of each segment. E, Odonthalia deniata (L.) Lyngb., part 
of thallus with mature cystocarps (/). F, Bostrychia scorpioides (Gmel.) Mont., 
two procarps in a longitudinal section, a, r, axial cells ; cby carpogonial branch ; 
cpy carpogonium; />, pericentral; siy s2, sCy sterile cells; su, supporting cell; 
ty trichogyne; tr, trichoblast. (E, F after Falkenberg; the rest after Kylin.) 

trichoblasts, although they do not show the usual hair-like character. 
The same interpretation should possibly be extended to the reduced 
fertile shoots of Pterosiphonia ((192) p. 262). The procarps (fig. 284 F) of 
Bostrychia ((192) p. 519) develop on several successive segments of the 
younger branches, although only one matures ; the apex of the branch 
is pushed aside by the cystocarp so that the latter appears terminal. 

In Cliftonaea and Leveillea the procarps are borne on laterals, con- 
sisting only of 3-4 segments ((192) pp. 378, 398) and arising from the 
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lowest segment of a dwarf shoot (fig. 285 E,/&) ; in the former the upper 
part of this shoot produces branched trichoblasts. According to 
Falkenberg the fertile laterals arise endogenously and are not of the 
nature of trichoblasts, a matter meriting further enquiry. 

In certain genera {Bhodomela^ Laurenciay Chondrid) the envelope of 
the mature cystocarp is composed of more than two layers owing to 
tangential division of the pericentrals. Bostrychia is exceptional in that 
the envelope develops only after fertilisation. 






Fig. 285. A, Chondria tenuisstma (Good. & Wood.) C. Ag., branch bearing 
cystocarps (/). B, C, C. dasyphylla (Woodw.) C. Ag., two procarps. D, E, 
Leveillea jungermannioides (Mart. & Her.) Harv. ; D, shoot of limited growth, 
with almost ripe cystocarp; E, the same, with young fertile branches (fb). 
a, axial cell; ca, carposporangia ; cby carpogonial branch; e, cystocarp-wall; 
p, pericentral; jc, sterile cells; su, supporting cell; ty trichogyne; tVy tricho- 
blasts. (A after Taylor; B, C after Kylin; D, E after Falkenberg.) 

The vast majority of Rhodomelaceae are dioecious ((347) p. 244), 
the males sometimes smaller than the females {Brongniartella ((60s) 
p. 222); in Janczewskia male and female plants have a different habit. 
The antheridial sori are again commonly borne on the branches of 
typical trichoblasts, although in several of the more specialised genera 
{Symphyocladiay Herposiphoniay PlacophorUy Amansia) the sterile part 
of the trichoblast is greatly reduced. In Polysiphonia ((84) p. 343, (85) 
p. 263, (258) p. 208, (380) p. 121, (558) p. 409 et seq., (692) p. 85, (710)) the 
male trichoblasts (fig. 286 B) commonly consist of a two-celled stalk 
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(st) surmounted by the fertile region (/); the upper stalk-cell fre- 
quently bears a branch (^), the upper part of which may again be 
fertile. The fertile regions (fig. 286 A, /) become polysiphonous and 



Fig. 286. A-F, Antheridial development in Polysiphonia\ D and E, P. violacea 
Grev. ; the others P. nigrescens (Huds.) Grev. A, early development of male 
trichoblast; B, group of male trichoblasts, with mature antheridia; C, branch 
with developing antheridia in transverse and F, part of same in longitudinal 
section; D, dehisced antheridia; E, development of antheridia, seen from 
the surface, the numerals indicating the succession. G, Rhodomela subfusca 
(Woodw.) Ag., male branches, n, antheridium ; ax, axial cell;/, fertile branch 
of trichoblast; m, antheridial mother-cell; p, pericentral; st, sterile basal cells 
of antheridial branch ; t, sterile branch of trichoblast. (D, E after Grubb ; the 
rest after Kylin.) 

the pericentrals divide copiously (fig. 286 C, F) to form a compact 
layer of mother-cells {m), each of which gives rise to 2-3 antheridia 
(occasionally 4-5, fig. 286 E). Brongniartella ((605) p. 239) and 
Ricardia ((S4) p. 78, (387) p. loi) are similar. 
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In Laurencia ((87) p. 298, (192) p. 247, (258) p. 201, (380) p. 129, (690) 
p. 17) the fertile tips of male plants become swollen, since the apical 
cell ceases to divide and the apical depression becomes markedly 
broadened (fig. 287 A). The resulting cup- or urn-shaped cavities 
contain numerous fertile trichoblasts (/), which are interspersed with 
sterile ones in L. obtusa. In L. pinnatijida (fig. 287 C-E) the segments 
of the trichoblasts form a continuous layer of mother-cells (w), as in 
Polysiphonia, each producing (fig. 287 K) three or four primary, as 
well as secondary {sa), antheridia. The fertile trichoblasts of L. obtusa, 
on the other hand, remain uniseriate (fig. 287 J), but bear branches on 
which the mother-cells {m) are formed. According to Grubb ((258) 
p. 205) mother-cells can also arise from the cells lining the cavities. 
Each male trichoblast (fig. 287 B) terminates in one or more, often 
huge, sterile cells (v), which collapse at a later stage. 

The antheridial sori of Chondria ((8s) p. 262, (192) p. 201, (259) p. 179, 
(690) p. 17, (692) p. 90) occupy the lowest lateral of a trichoblast. The 
branchlets of the fertile lateral (fig. 287 G) remain concrescent from the 
first and form a biconvex disc, the edge of which is occupied by the 
enlarged and sterile apical cells (st) of the individual branchlets (cf. also 
fig. 287 F). The remaining cells cut off, on either surface, pericentrals 
(p) which produce a continuous layer of globular mother-cells (m), each 
forming three or four cylindrical antheridia (a). Similar discs with con- 
crescent branches occur in Acanthophora ((21) p. 48), Pterochondria ((781) 
p. 532) and Bryothamnion ((192) p. 175), as well as in Cliftonaea ((192) 
p. 380) and Leveillea (fig. 287 H, I ; (192) p. 399), although in the last two 
they appear to represent modified shoots and develop rather differently. 

In Odonthalia ((87) p. 297, (192) p. 607, (397) p. 8 ) and Rhodomela 
((371) p. 55, (557) p. 463) the antheridia are mostly formed on fertile 
polysiphonous laterals, simple in the former, often branched in the 
latter (fig. 286 G), although in R. subfusca they can also arise on tricho- 
blasts ((85) p. 262, (558) p. 456). There is little reason to doubt that the 
male branches of these two genera, however different they may be from 
the normal type, are homologous with the trichoblasts. 

(iv) Dasyaceae. 

As in vegetative construction, so also in their sexual reproduction, 
the Dasyaceae exhibit distinct differences from Rhodomelaceae. The 
procarps are formed either on the sympodial axis {Dasya pedicellata, 
Dasyopsis) or on a pseudolateral {Dosya arbuscula (548) p. 537; 
Heterosiphonia). The fertile pericentral of the procarp -bearing seg- 
ment is usually the third (sometimes the fourth) and only in Hetero- 
siphonia is it the fifth or last-formed one. The procarp develops as in 
Rhodomelaceae (fig. 288 A), but the cystocarp-envelope appears only 
after fertilisation. The gonimoblast shows monopodial branching 
(fig. 288 D). 

In most species of Dasya ((192) p. 620, (499) p. 119, (516), (547) p. 39) 
and in Dasyopsis ((547) p. SS) the procarps arise from successive seg- 
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Fig. 287. Antheridia of Rhodomelaceae. A-E, Laurencia pinnatifida (Gmel.) 
Lamour. ; A, longitudinal section of apex with three antheridial depressions; 
B, apex of a i?iale trichoblast; C, the same, in longitudinal and D, in trans- 
verse section, antheridial development; E, apex of young male trichoblast. 
F, G, Chondria dasyphylla (Woodw.) C. Ag. ; F, tip of male branch, in vertical 
section; G, the same, seen from the surface. H, I, Leveillea jungermannioides 
(Mart. & Her.) Harv.; H, shoot of limited growth, with a male branch; 

I, transverse section of same. J, K, Laurencia obtusa (Huds.) Lamour. 

J, small part of a male trichoblast; K, sequence of antheridial development 
(2-8). a, antheridium; ax^ axial cell; m, antheridial mother-cell; />, peri- 
central; sa, secondary antheridium; sty sterile borders of antheridial branches; 
/, trichoblasts ; v, vesicular cells. (A-E after Kylin; F-I after Falkenberg; 
J, K after Grubb.) 
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merits of the sympodial axes or more usually (Z). pedicellata, Dasyopsis 
plumosa) of adventitious branches (fig. 288 A) ; as a general rule only 
one cystocarp matures on each branch. One (or possibly two) small 


Fig. 288. Dasya pedicellata Ag. A, apex of a branch-system, with young pro- 
carps; B, formation of auxiliary and connecting cells; C, early development 
of gonimoblast and cystocarp-wall; D, young cystocarp in transverse section. 

auxiliary cell ; aXy axial cell ; ca, carposporangia ; carpogonial branch ; 
cOy connecting cell ; cp, carpogonium ; g, gonimoblast ; gi, gonimoblast-initial ; 
Sly s 2 y sc y sterile cells; sUy supporting cell; ty trichogyne; Wy wall of cystocarp; 
I, 2 (in A), pericentrals. (B after Oltmanns; the rest after Rosenberg.) 

connecting cells (fig. 288 B, c 6 ) are cut off from the fertilised carpo- 
gonium (cp) and fuse with the auxiliary cell (a). The gonimoblast- 
initial (fig. 288 C, gi) first forms a row of large cells (^), which cut off 
smaller ones giving rise to branched threads (fig. 288 D, that fill 
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the cavity of the cystocarp ; the carposporangia (ca) form short rows 
arising in basipetal sequence. According to Rosenberg ((547) p. 46) no 
fusion-cell is formed (cf. however (192) p. 621). The cystocarps (fig. 
214 A, cy) are provided with a pore. The envelope^ which originates 
from the two pericentrals flanking the fertile one, as well as from 
pericentrals of adjacent segments, is formed in the same way as 
in Polysiphonia and is two-layered (three-layered in Dasyopsis) at 
maturity. 

The procarps of Heterosiphonia plumosa^ ((326) p. 129, (442) p. 390, 
(517) p. 187, (547) p. 65) usually arise from the fourth segment of the 
pseudolateral and possess very elongate trichogynes; the sterile cells 
here undergo considerable division before fertilisation. The pericarp 
develops already during the formation of the carpogonial branch and is 
three-layered at maturity. The cystocarps of Dictyurus are unknown; 
regarding those of Thuretia, see (192) p. 672. 

The antheridia ((s) p. 78, (85) p. 263, (s47) pp. 48, 73, (548) p. 540, (558) 
p. 403) are produced on the pseudolaterals, although in Dasya pedicellata 
they may also arise on adventitious branches. The development of the 
sori takes place as in Polysiphonia. 

(b) The Asexual Phase 

The four families differ markedly in the mode of production of the 
tetrasporangia, and it is again the Ceramiaceae that exhibit relatively 
primitive features. 

(i) Ceramiaceae. 

The tetrasporangia of most Ceramiaceae stand quite freely, though 
occupying diverse positions. In Antithamnion and related genera they 
commonly occur in series on the upper sides of the laterals (figs. 185 
A; 289 B, /), being either sessile or situated at the ends of one- or 
two-celled branchlets ((558) p. 315 et seq., (692) p. 71, (733) p. 133, (736) 
p. 198). Sometimes, however, they are clustered together on short 
branches, as in A. cruciatum (fig. 289 A), Spermothamnion and 
Compsothamnion ((737) p. 359)- In Crouania ((so) p. 232) they are 
borne on the basal cells of the whorled laterals, while in Ptilota 
plumosa ((380) p. 59, (558) p. 357) the sporangia for the most part 
occupy short threads arising from the cortex of the ultimate branches. 

The sporangia of Griffithsia ((50) p. 205, (375) p. 116, (428) p. 663, 
(751) p. 507) are produced on special laterals (fig. 289 D,/) which form 
whorls at the apices of the segments. Each fertile lateral (fig. 289 E) 
consists of a single cell (5), bearing several sporangia (t) and protected 
by outgrowths (e), arising from the same cell or from the parent- 
segment. Similar protective branches are seen in Wrangelia ((so) 
p. 1 2 1, (386) p. 7, (766) p. 379), where the sporangia are terminal on one- 
celled accessory branchlets (fig. 289 I, J) arising from the lower cells 

^ Cf. also (21) p. 52 regarding H. Berkleyi {Dasya Berkleyi (Mont.) J. Ag.). 
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Fig. 289. Tetraspore-formation in Ceramiaceae and Dasyaceae. A, Anti- 
thamnion cruciatwn (Ag.) Naeg. B, Callithamnion corymbosum (Engl. Bot.) 
Ag. C, Trailiella intricata (J. Ag.) Batt. D, Griffithsia globifera (Harv.) J. 
Ag., apex of a tetraspore-bearing plant. E, G. pacifica Kyi., single fertile 
branch. F, H, Dasya pedicellata Ag.; F, stichidium ; H, details of spo- 
rangial development. G, Vickersia baccata (J. Ag.) Karsak., branch producing 
sporangia; below, the basal cell with a sporangial sorus. I, J, Wrangelia peni- 
cillata C. Ag., fertile branches, a, axial cell; co, cover-cells; enveloping 
threads;/, fertile threads; hy hairs; rriy mother-cell of sporangium; />/, pseudo- 
lateral; Sf stalk-cell; t, tetrasporangium. (A, F after Taylor; B after Thuret 
& Bornet; C after Rosenvinge; D after Lewis; E, I, J after Kylin; G after 
Boergesen; H after Rosenberg.) 
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of the whorled laterals. In Vickersia ((S4) p. 24) the sporangia form 
sori on short cells cut off at the base of the vesicular laterals (fig. 289 G). 

In Ceramium, on the other hand, the sporangia are enlarged cells 
of the cortical bands (fig. 187 B, /), within which they are partly em- 
bedded. Those of Spyridia occur on the ‘‘filaments’’ (fig. 188 A, B). 
A peculiar method of development, in some respects recalling that 
of Rhodomelaceae, is met with in Trailiella ((30) p. 10, (ssS) p. 306), 
where the sporangia are formed from the larger halves of longi- 
tudinally divided cells of the erect filaments (fig. 289 C). 

The spores are for the most part tetrahedrally arranged (fig. 289 
B, E), although those of Crouania, Antithamnion (fig. 289 A), and 
Trailiella (fig. 289 C) are cruciate. Antithamnionella ((437), (462) p. 378, 
(712) p. 5) differs essentially from Antithamnion only in possessing 
tetrahedral spores. There is, however, some variability in this respect 
(706); thus, in Ceramium ((558) p. 373) and Seirospora ((590) p. 116) 
cruciate and tetrahedral sporangia are sometimes found on the same 
plant, although in both cleavage only takes place after nuclear division 
is completed. In Callithamnion byssoides Boergesen ((46) p. 13, (50) 
p. 219) also records occasional cruciate tetrasporangia. The sporangia 
of Callithamnion dehisce by the detachment of a lid (fig. 294 K). 

Bispores are recorded in diverse Ceramiaceae ((478) p. 3 ^ 4 > 
p. 199) and are specially frequent in Crouania attenuata and Calli- 
thamnion Furcellarieae ((558) pp. 341, 35^)5 latter they occur on 

plants lacking tetrasporangia (fig. 294 L). In C. bisporum Gardner 
(237) they are the only reproductive organs known. ^ 

(ii) Delesseriaceae. 

The sporangia of Delesseriaceae, in which the spores are always 
tetrahedrally arranged (fig. 290 D, L), generally show a distribution 
comparable to that of the sex organs. In Delesseria sanguinea ((380) 
p. 105, (665) p. 272) they are formed in minute leaflets, which are 
devoid of a midrib and soon become three-layered almost throughout. 
Subsequently the surface-cells divide to form short vertical branch- 
systems (fig. 290 D, c)y from the terminal cells of which the sporangia 
{t) develop. Though primarily superficial, as in all Delesserieae, the 
initials {t) gradually become covered by small cells {co), produced by 
further division of the surrounding elements. The enlargement of 
the sporangia causes gaps to be formed between these cells, through 
which the spores are shed. 

Development follows much the same course in other Delesserieae 
(fig. 290 F), although the position of the sporangia varies. In Mem- 
branoptera ((380) p. 112) they are situated in the younger forks or in 
small proliferations, in Grinnellia ((382) p. 23) in small scattered out- 

^ A further consideration of these bispores, as well as of other special 
asexual reproductive cells of Ceramiaceae, will be found on p. 728 et seq. 
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Fig. 290. Tetraspore-formation in Delesseriaceae. A-C, K, L, Phycodrys 
rubens (Huds.) Batt. ; A, B, parts of two fertile fronds; C, vertical section of 
thallus, with sporangial rudiments; K, young sporangia in surface-view; 
L, transverse section of fertile zone, with ripe sporangia. D, Delesseria 
sanguinea Lamour., part of vertical section of thallus, with ripe sporangia. 
E, Hypoglossum Woodwardii Kiitz., part of a fertile blade. F, Grinnellia 
americana (C. Ag.) Harv., vertical section of young fertile frond. G, Martensia 
fragilis Harv., two young sporangia in surface-view. H-J, Nitophyllum 
punctatum (Stackh.) Grev., vertical sections of fertile fronds; H, with multi- 
nucleate and J, with one mature initial; I, ripe sporangia, a, axial cell; 
c, cortex ; co, cover-cells ; /, fertile zone ; wr, midrib ; sty sterile zone ; ty tetra- 
sporangium. (D, G after Svedelius; the rest after Kylin.) 
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growths (fig. 190 A, t)y commonly confined to one surface, while in 
Hypoglossum (fig. 290 E; (382) p. 9), Caloglossa ((146) p. 6, (380) p. 108), 
and Apoglossum ((380) p. 91) they occupy elongate areas on either side 
of the midrib of the ordinary fronds. In Caloglossa they develop by the 
division of certain cells in parts of the frond that are still monostromatic 
so that the sporangia form but a single layer, instead of two, as in other 
Delesserieae (cf. fig. 290 F) ; they are subsequently covered by a cortex 
formed by pericentrals cut off tangentially from the parent-cells. The 
sporangia of Claudea and Vanvoorstia (508) are formed from pericentrals 
(in Claudea also from the cortical threads) in the ultimate blades, before 
they undergo anastomosis. 

The sporangia of Phy codry s rubens ((380) p. 65) are usually borne in 
small marginal proliferations (fig. 290 B, /), but they sometimes 
occupy oblong areas at the ends of the veins of the younger fronds 
(fig. 290 A,/). The fertile tracts (fig. 290 C) soon become five-layered. 
The sporangial initials (/) are, as in all Nitophylleae, cut off from 
internal cells, in Phy codry s from the hypodermal ones. This is also so 
in Acrosorium ((509) p. 20), Polyneura ((382) pp. 37, 43), and Crypto- 
pleura ((382) p. 88) where, however, sporangia may also arise from the 
central cells. 

The sporangial sori of Polyneuray Cryptopleuray and Nitophyllum are 
small and irregularly scattered. In N. punctatum ((382) p. 74, (669) p. 49) 
the sporangia may occupy the whole thickness of the frond (fig. 290 H, 
t)y although sometimes embedded (fig. 290 J). Their formation is 
initiated by intercalary division of groups of cells in the one-layered 
thallus ; some of the resulting elements develop into sporangia (fig. 290 
H, t)y while the remainder (st) cut off pericentrals, from which further 
sporangia may arise (fig. 290 J, t). The sporangia of Nitophyllum thus 
show pit-connections with several surrounding cells, whereas in other 
Delesseriaceae they are only connected with their mother-cell (fig. 290 
C, D). Those of Martensia ((663) p. 46) occur within swollen areas on 
the longitudinal lamellae (fig. 290 G), more rarely on the entire portion 
of the thallus. Both here and in Nitophyllum punctatum (figs. 290 H ; 
293 A) the initials are multinucleate but, although several nuclei may 
show the first stages of meiosis, only one survives (figs. 290 J ; 293 B) 
to form the tetraspore-nuclei. 

(iii) Rhodomelaceae. 

The sporangia of Rhodomelaceae nearly always possess tetra- 
hedrally arranged spores (fig. 291 D, G, L) and are usually immersed 
in polysiphonous branches. They are only rarely borne on tricho- 
blasts, as in Lophocladia (fig. 291 L) and Wrightiella (fig. 299 H). 
The fertile branches are often specially differentiated, constituting 
so-called stichidiay although the term cannot be exactly defined ((192) 
p. 86). The initials are usually (except Laurencia) formed from peri- 
central cells (fig. 198 G, te) and, as a general rule, one sporangium is 
produced in each segment (fig. 291 D, L); development often follows 
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a regular basipetal sequence within the fertile branch. If the latter 
is unbranched, the sporangia of successive segments are generally 
superposed; when laterals (commonly trichoblasts) are present, the 
sporangia show a spiral arrangement like that of the laterals. 

The segments of the stichidia often possess five pericentrals, what- 
ever be the number in the vegetative branches. The fertile pericentral, 
which is seemingly never the first-formed one^ ((S47) p. 32, (549) p. 10, 
(558) p.465 ; cf. however (192) p. 88, (605) p. 240), cuts off two superficial 
cover-cells (fig. 291 A, B, I, ro), after which the sporangial initial (t) 
is produced on the apical side ; the small bearing cell (m) is linked by 
primary pit-connections with the axial (a) and covering cells (co) (cf. 
also fig. 198 G and (380) p. 123, (399) p. 4). The similarity in position 
of sporangium and bearing cell on the one hand, and of auxiliary and 
auxiliary mother-cells on the other hand, is noteworthy ((192) p. 99); 
the cover-cells correspond to the sterile cells and carpogonial branch 
of a procarp. The mature spores escape between the cover-cells which 
are more or less displaced. In Falkenbergia ((192) p. 691, (495)) the 
sporangia arise from an entire pericentral and there are no cover-cells. 

In Polysiphonia (fig. 291 D) the sporangia often cause irregular 
swellings within the stichidia (cf. also fig. 291 L). The fertile branches 
of Rhodomela ((371) p, 59, (558) p. 457) and Odonthalia ((397) p. 8) arise 
in tufts on the flanks, in the former also on the tips of the larger 
branches. The sporangia (fig. 291 G, I) originate from the two lateral 
of the six pericentrals (fig. 291 C, t) so that they form two longitudinal 
rows. Bostrychia ((50) p. 301, (192) pp. 88, 504) produces its sporangia 
in the ultimate branches (fig. 291 H), in which all the pericentrals of a 
segment commonly become fertile, although in certain species those on 
the dorsal side remain sterile. Similar dorsiventral stichidia occur in 
Colacopsis (fig. 299 F, G). 

The sporangia of Chondria ((387) p. 89) develop within the apical de- 
pression of club-shaped branchlets, the initial here producing three 
cover-cells. Those of Laurencia ((192) p. 244, (380) p. 130, (387) p. 94) 
likewise originate within the apical pit, but are exceptional in being 
produced from young cortical cells; this is also so in Ricardia ((54) p. 78, 
(387) p. loi). In Acanthophora the sporangia occupy the spiny laterals. 

Many of the more specialised Rhodomelaceae (e.g, Herposiphoniut 
fig. 291 K) possess stichidia resembling those of Polysiphonia. In 
Pollexfenia ((192) p. 294) these free polysiphonous, and often branched, 
laterals either occupy the growing margin (P. crispata) or arise on the 
surface of the flat thallus (P. pedicellatay fig. 207 G,/). Placophora ((192) 
p. 341, (247) p. 4) shows much the same (fig. 208 A, r; F). In other 
instances, however, the fertile shoots show a more profound modifica- 
tion. Thus, in Cliftonaea ((192) p. 381) each segment of a fertile long shoot 

^ According to Rosenberg (547) it is generally the second in Polysiphonia 
nigrescens and Brongniartella byssoidesy the third in Polysiphonia Brodiaei and 
P. violacea. Harvey- Gibson^s (280) account of sporangium-formation in 
Polysiphonia is incorrect. 
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Fig. 291. Tetraspore-formation in Rhodomelaceae. A, B, Polysiphonia 
nigrescens (Huds.) Grev. ; A, formation of initial, transverse section; B, the 
same, apex of a branch-system. C, I, Odonthalia dentata (L.) Lyngb. ; 
C, transverse section of young fertile segment; I, longitudinal section, forma- 
tion of initials. D, Polysiphonia violacea (Roth) Grev., stichidium. E, J, M, 
Cliftonaea Lamourouxii Harv. ; E, surface-view of part of a mature fertile 
frond; J, mature and M, young sporangium in section. F, Leveillea junger- 




DASYACEAE (TETRASPORANGIA) 719 

(fig. 210 A, /) produces a sporangium {t) from one of the dorsal peri- 
centrals. In C. Lamourouxii ((192) p. 385) the maturing sporangium 
acquires a thick hyaline wall (fig. 291 M, J), while the numerous cover- 
cells {co) ultimately grow out into blunt papillae, affording a characteristic 
picture (fig. 291 E). Similar large sporangia with numerous cover-cells 
occur in Leveillea ((60) p. 355, (192) p. 398), where they occupy 3-5 of 
the basal segments of arrested long shoots (fig. 291 F). The fertile 
branches of Amansia and Vidalia ((192) p. 404) show the same dorsi- 
ventrality as the vegetative ones and in the latter are often richly 
branched; two sporangia are produced in each segment. 

(iv) Dasyaceae. 

The tetrahedrally divided sporangia here also usually occupy special 
stichidia (fig. 289 F). Those of Dasya ((192) p. 617, (547) p. 49) and 
Heterosiphonia ((192) pp. 633, 649, (547) p. 74) are borne on the pseudo- 
laterals (fig. 289 F, pl)y in the former sometimes also on adventitious 
branches; the number of pericentrals is five in Dasya, 6-7 in Hetero- 
siphonia. Each pericentral may produce a sporangium (cf. also (50) 
p. 317), although one or two are commonly sterile. In Dasya (fig. 289 
H) the three cover-cells {co), cutoff after the formation of the sporangium, 
are small and the latter is left exposed. The stichidia of Dasyopsis 
((547) p. 60) are mostly formed on adventitious branches and possess six 
pericentrals. 

The repeatedly forked stichidia of Dictyurus ((192) p. 680) project 
freely from the upper edges of the fronds and usually form six sporangia 
in each segment. In Thuretia ((192) p. 672) they are constituted by the 
swollen bases of lateral sympodia, the upper part of which participates 
in the formation of the network; the stichidium is enveloped by hyphae 
and forms sporangia in two alternating rows. 

(c) Interrelationships of Ceramiales 

The Ceramiales probably represent an independent series evolved 
from uniaxial haplobiontic types ; there is no satisfactory evidence of 
a closer affinity with other diplobiontic forms. The Ceramiaceae are 
no doubt the least specialised members of the order, as shown by a 
consideration both of the vegetative and reproductive features. Those 
genera that exhibit whorled branching {Crouania, Antithamnion) 
probably come nearest to the ancestral type, not only because this 
habit is clearly the basic one on which the construction of many 


mannioides (Mart. & Her.) Harv., shoot of unlimited growth with young 
sporangia. G, N, Rhodomela virgata Kjellm. ; G, longitudinal section, with 
mature sporangia; N, undivided sporangium. H, Bostrychia Hookeri Harv., 
longitudinal section with initials. K, Herposiphonia secunda (C. Ag.) Falkenb., 
stichidia. L, Lophocladia trichoclados (Mert.) C. Ag., stichidium. a, axial 
cell; CO, cover-cells; /, laterals; rn, mother-cell of sporangium; p, pericentral; 
t, tetrasporangium ; tr, trichoblast. (A, B, G, I, N after Kylin; D, L after 
Boergesen; the rest after Falkenberg.) 
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Florideae (incl. Ceramiales) is moulded, but also because of the com- 
parative data furnished by the position of the procarp (p. 684). 
Diverse Ceramiaceae {Callithamnion, Seirospora^ etc.) have, how- 
ever, lost this habit and indeed exhibit a very simple vegetative 
structure. 

Delesseriaceae and Rhodomelaceae, in their customary possession 
of four or more pericentrals, no doubt constitute a special develop- 
ment along several distinct lines from such a whorled type. The 
Rhodomelaceae, in particular, exhibit marked specialisation in the 
evolution of forms with dorsiventral organisation, accompanied by a 
tendency towards congenital fusion of branch-systems, resulting in 
such extreme types as Pollexfenia^ Leveillea, and Amansia. Compared 
with the considerable range in outward form presented by the two 
families under discussion, there is remarkable uniformity in repro- 
ductive features. It is noteworthy that, while in Delesseriaceae and 
Rhodomelaceae the spores are nearly always tetrahedrally arranged, 
a cruciate disposition is found in certain Ceramiaceae, and especially 
in those (Crouanta^ Antithamnion) which on other grounds are re- 
garded as the least specialised. 

The relation of the Dasyaceae to the other three families is difficult 
to assess. Falkenberg’s view, that forms like them were the starting- 
point for the evolution of the Rhodomelaceae, has already been con- 
sidered (p. 576). The only further feature in favour of this view 
furnished by the reproductive characters is that the gonimoblast in 
Dasyaceae develops in a more primitive manner than in Rhodo- 
melaceae (p. 709). Rosenberg ((547) p. 82) and Kylin ((397) p. 20) 
emphasise the resemblances between Dasyaceae and Delesseriaceae, 
but in view of the marked dissimilarity in vegetative features, it may 
be doubted whether too much stress should be laid on the repro- 
ductive resemblances, since in this respect there is a high degree of 
uniformity among Ceramiales as a whole. The Dasyaceae are probably 
best regarded as a separate evolutionary line, parallel with the other 
three, but rather more obscure in its origins. 

Several genera are known which display characteristics of more 
than one family of Ceramiales. Lejolisia mediterranea Born. ((64), (67) 
p. 148, (478) p. 354, (577) p. 13s, (590) p. 1 16), a small epiphyte (fig. 
292 C) in which the creeping filaments (c) bear little-branched erect 
threads (e), combines the free (tetrahedral) sporangia of Ceramiaceae 
with an urceolate cystocarp resembling that of Rhodomelaceae. The 
envelope consists of closely apposed threads, although these do not 
actually cohere. According to Feldmann (769) the gonimoblast is like 
that of Ptilothamnion. A peculiar feature lies in the persistence of the 
trichogyne (t) which, during the development of the cystocarp, comes 
to occupy a lateral position. 

A rather different example is provided by Herpochondria ((192) 
p. 215, (599) p. 43S), a dorsiventral ally of Chondria^ in which the 
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polysiphonous branches are congenitally fused to form a flat prostrate 
thallus (cf. Pollexfeniay etc.) The free marginal stichidia resemble 
those of a Chondria^ and in most other respects too the characteristics 
are those of a member of Rhodomelaceae. The cystocarps ((490) p. 6 ,^ 
(7a7) p. 338) are, however, naked like those of most Ceramiaceae. 



Fig. 292. A, B, Taenioma perpusillum J. Ag. ; A, habit of part of a plant; 
B, apex of an erect shoot with hairs. C, Lejolisia mediterranea Born. D, Platy- 
siphonia miniata (Ag.) Boerges., branch with cystocarp. a (in B), axial cells ; 
a (in C), antheridia; c, creeping branches; cn, carposporangia; cy^ cystocarp; 

erect branches; hy hairs; m, meristem; p, pericentral; r, rhizoid; tricho- 
gyne. ,(C after Bornet; the rest after Boergesen.) 

Mention may also be made of the Sarcomenieae which appear to 
constitute a link between Delesseriaceae and Rhodomelaceae. They 
include Sarcomenia ((9) p. 120), Platysiphonia ((ss), based on Sarcomenia 
miniaia J. Ag., cf. (72O), Taenioma ((2) p. 1256, (50) p. 338, (68) p. 69, 

^ Okamura suggests the merging of Herpochondria in Microcladiay for which 
there are no grounds; it remains doubtful whether he and Falkenberg had the 
same plant before them ((192) p. 735)* 
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(19^) p. 709, (689), (781) p. 534) and Cottoniello^ ((50) pp. 333, 477, 
(54) p. 144), the last at present known only in the vegetative condition. 
These are in general dorsiventral forms with four pericentrals pro- 
duced in successive pairs, as in Delesseriaceae. The terete creeping 
branches (fig. 292 A, c) bear, on their dorsal side, erect fronds with a 
tendency to flattening as a result of division of the lateral pericentrals 
(cf. fig. 292 B); this is very marked in Sarcomenia delesserioides 
Bonder ((a??) pi. 12 1). The flat antheridial branches also resemble 
those of Delesseriaceae. The urceolate cystocarps of Taenioma and 
Platysiphonia (fig. 292 D) are, on the other hand, like those of Rhodo- 
melaceae, although no details are available as to the manner of de- 
velopment of the gonimoblast. The sporangia are formed in two rows 
in the fertile branches. Taenioma (fig. 292 A, B) is distinguished by 
the long colourless hairs (h) with a basal meristem (m), that crown the 
branchlets and show a considerable resemblance to those of Phaeo- 
phyceae. In Cottoniella the ultimate branches are uniseriate. These 
diverse genera, which in their vegetative construction approximate so 
closely to some of the dorsiventral Rhodomelaceae, merit a fuller 
study thap they have so far received. 

X. General Consid^ation of the Life-cycle of 
"The Diplobiontic Florideae 

The Distribution of Sexual and Asexual Reproductive Organs 

Cytological corroboration of the existence of distinct diploid asexual 
and haploid sexual phases has now been obtained in a considerable 
number of diplobiontic Florideae.^ In Cryptonemiales, Gigartinales, 
and Rhodymeniales there is usually, despite occasional exceptions 
(cf. (347) p. 223), a sharp segregation of sporangia and sex organs on 
separate individuals; among Ceramiales the exceptions are more 
numerous (cf. p. 723). Spermatia are frequently found attached to 
the trichogynes, although fusion of the sex nuclei has not often been 
seen (p. 597). A regular alternation of tetrasporic and sexual indi- 
viduals has, moreover, been occasionally recorded in nature (see 
p. 727) and has been established experimentally by Lewis (430) for 
a number of Florideae. All these facts imply the widespread occur- 
rence of an isomorphic alternation of haploid and diploid phases. 

' Incl. Sarcomenia filanientosa Howe ((314) p. S7i). 

^ Corallina mediterranea (757) among Cryptonemiales (stages in reduction 
division also observed in C. rubens, (659) p. 45); Cystoclonium ((380) p. 30) 
among Gigartinales; Lomentaria clavellosa ((680) p. 23), Chylocladia ((740) 
p. 572), and Rhodymenia ((735) p. 158) among Rhodymeniales (cf. also (380) 
pp. 39, 44, (735) p. 160); Callithamnion ((453), (740) p. 567), Spermothamnion 
(179,606), Ceramium ((740) p. 571), Griffithsia{375>^2S), Plumaria(iSo), Delesseria 
(665), Phycodrys ((380) p. 79), Nitophyllum (669), Martensia (663), Polysiphonia 
((380) p. 1 18, (755-6)), Brongniartella ((605), (740) p. 567), Rhodomela ((37O, (740) 
p. 568), Laurencia and Chondria ((735) p. 156, (740) p. 569), and Dasya ((S47) 
P- 39> (740) p. 570) among Ceramiales. 



DISTRIBUTION OF REPRODUCTIVE ORGANS 723 

It has long been known, nevertheless, that procarps (or carpo- 
spores) and tetrasporangia commonly occur on the same individual 
among Ceramiales,i and especially among Ceramiaceae ; the form 
amphicarpa of Callithamnion corymbosum ((692) p. 69) derives its name 
from the frequency of this phenomenon. Tetraspores have also been 
found on male plants (cf. (85) p. 263, (87) p. 298, (89) p. 188, (258) p. 201, 
(428) p. 671), though, owing to the more temporary character of the 
male individuals, such instances have been less frequently recorded. 

The first example of this association to be fully studied was Nito- 
phyllum punctatum (670), in which the fronds often bear both cysto- 
carps and sporangia. The latter (fig. 293 C) are grouped around rudi- 
mentary procarps (/), which suggests a possible correlation between 
sporangium-formation and arrest of the procarps. The sporangia 
develop in the normal manner (p. 716 and fig. 293 J, K); after pre- 
liminary multiplication, all but one (n) of the nuclei degenerate (r). 
The survivor, however, fails to divide and the entire contents of the 
sporangium are liberated (fig. 293 D) as a single monospore (m) \ this 
has the haploid number of chromosomes, although the carpospores 
of such plants are diploid. In the sporangia found on male plants of 
Polysiphonia violacea ((756) p. 425) and Grijfithsia glohifera ((428) p. 672) 
the nucleus likewise usually remains undivided, although cleavage 
furrows, which fail to reach the centre, may appear within the proto- 
plast; occasional stages of nuclear division are observed, but these 
afford no evidence of meiosis. In Polysiphonia urceolata Rosen- 
vinge ((558) p. 410) also records small undivided sporangia on plants 
with mature cystocarps, while Kylin ((373) p. 83) speaks of aborted 
sporangia on sexual plants of Spermothamnion roseolum. It is thus 
probable that the sporangia borne on sexual plants usually undergo 
no reduction and produce only haploid monospores (cf, also (428) 
pp. 671, 682, (680) p. 6, (782) p. 25). 

Spermothamfiion affords a common instance of the converse condi- 
tion ((373) p. 86, (606) pp. 224, 250), viz. of the occurrence of asexual 
plants bearing normal tetrasporangia side by side with arrested pro- 
carps and antheridia. Certain forms of this genus, however, produce 
tetrasporangia also on a functional sexual phase. Schussnig and Odle 
((606) p. 226) state that there is no reduction in such sporangia, but 
their data are scarcely convincing. They are, moreover, at variance 
with the conclusions reached by Drew (176), who in S. Turneri 
established the occurrence of meiosis in tetrasporangia found on 
plants bearing developing gonimoblasts and mature fruits, as well as 
antheridia. The individuals in question are therefore diploid (with 60 

^ In addition to the instances specially dealt with in the following, see 
(8s) p. 265, (89) p, 189, (283) p. 130, (347) p. 224, (373) p. 83, (380) p. 55, (453) p. 5, 
(543), (558) pp. 304, 400, (577) p. 136, (736) p. 200. In diverse instances tetra- 
sporangia have actually been found arising from cells of the procarp (cf. (176) 
p. 552, (593) p. 278, (736) p. 200) or among the gonimoblasts ((737) p. 355 )- 

46-2 



DIPLOBIONTIC FLORIDEAE 


724 

chromosomes). Their tetraspores germinate normally. Evidence was 
obtained ((176) p. 559) that the procarps of these plants were diploid 
and their gonimoblasts tetraploid*/ many of the procarps, however, 
failed to develop further and fertilisation was not directly observed. 
The probable existence of triploid carpospores, such as would result 
from the fertilisation of a diploid carpogonium by a haploid sperma- 
tium, was also established. Haploid plants, bearing functional sex 
organs and occasional sporangia which remain undivided, have re- 
cently been described by Drew (782), as well as sterile triploid plants. 
Mathias ((453) p. 20) found tetrasporangia exhibiting reduction and 
fruits on the same individual also in Callithamnion brachiatuniy 
although here the carpospores are stated to be diploid. 

The occasional occurrence of tetrasporangia on the sexual plants 
of the haplobiontic Nemalionales (p. 625) warrants the supposition 
that this characteristic organ of Florideae evolved prior to the esta- 
blishment of the diplohiontic life-cycle. There is also increasing reason 
to believe that the mere presence of tetrasporangia is no proof of the 
diploid character of the individual on which they occur. It seems 
probable that, when an isomorphic alternation was first established 
by postponement of meiosis (cf. p. 627), each of the two phases still 
bore tetrasporangia, although reduction was associated only with the 
sporangia of the one phase ; it is possible that this phase for a time 
still possessed functional or functionless sex organs. The persistence 
of abortive sex organs on the diploid, and of monospore-producing 
sporangia on the haploid, phase would on this view be tokens of an 
ancestral condition and would mark a more primitive state than the 
sharp individualisation of the two phases that characterises many 
diplohiontic Florideae. It is noteworthy in this connection that the 
simultaneous presence of sex organs and sporangia is more frequent 
in the relatively primitive Ceramiaceae (p. 723) than in the more 
specialised families of Ceramiales (cf. also (771) p. 552). 

In the light of this hypothesis Spermothamnion may perhaps be 
regarded as a form in which sex organs have persisted on the diploid 
stage and in certain instances remained functional (cf. also (176) p. 567), 
although they may also have secondarily reacquired their former 
function. However that may be, the possibility for the origin of 
tetraploid and triploid races afforded by such phenomena is of con- 
siderable importance, and the further investigation of these matters 
will be awaited with interest. 

In several Florideae (Acrosymphyturriy Thuretella, Thuretellopsisy 
Halarachniorty Gigartina stellata) tetrasporangia are so far unknown. It 
is possible that they are produced on dwarf plants ((347) p. 221) which 
remain at the juvenile stage, since such stages occasionally bear tetra- 

1 Cf. the criticisms of Svedelius ((680) p. 6). I have had an opportunity of 
examining some of Drew's preparations and believe that there is a considerable 
degree of foundation for her views. 
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sporangia (fig. 159 D, sp \ Kuckuck’s prospory, (363) p. 196). Berthold 
((36) p. 421) comments on the abundance of dwarf fertile plants in the 
Mediterranean (cf. also (226) p. 402). 

On the other hand, some of these seaweeds may be parthenogenetic, 
with a gonimoblast producing haploid carpospores, although Oltmanns 
observed spermatia on the trichogynes of Acrosymphytum (fig. 240 C, 
G, 5), and there is little evidence for the occurrence of parthenogenesis 
in Rhodophyceae.^ A commonly accepted instance is furnished by 
Platoma (p. 657), where male organs are unknown ((363) p. 191) and 
occasional cruciate tetrasporangia occur on the female individuals, but 
this still awaits cytological investigation. Rosenvinge ((ss8) pp. 169, 179) 
records the development of gonimoblasts from carpogonia of Furcellaria 
fastigiata and Petrocelis Hennedyi lacking all traces of spermatia on the 
trichogynes. These may be instances of actual parthenogenesis, or 
autogamy may replace normal fertilisation. Attention may also be 
drawn to the apparent non-existence of female individuals in the com- 
mon Rhodymenia palmata ((169) p. 329, (558) p. 575) which probably 
indicates an abnormal life-cycle. The same is true of Antithamnion 
horeale ((558) p. 370). 

Tetrasporic and sexual individuals of the same species are often 
unequally represented in nature. Among Cryptonemiales and 
Gigartinales there are several records indicating a preponderance of 
sexual individuals ((387) p. 35, (526) p. 254, (532) p. 68, (558) pp. 174, 281, 
(659) p. 30) ; tetrasporic plants of Gloeosiphojua capillaris occur on the 
coasts of Holland ((253) p. 51), but not on those of France or Denmark 
((558) p. 278). Among Ceramiales the available data^ indicate the 
reverse condition, sexual individuals often being scarce. There is 
some evidence that this depends on temperature-conditions and 
probably also on other factors of the habitat (243); thus. Levring ((426) 
p. 142) reports only tetrasporic plants of Callithamnion Fur cellar ieae, 
Polysiphonia nigrescens, and Rhodomela subfusca in the waters of the 
Baltic with their low salinity. On British shores Spermothamnion 
roseolum is represented only by tetrasporic individuals. Many in- 
vestigators comment on the more robust character of the asexual 
individuals in Ceramiales (cf. also (578) p. 50). 

In Trailiella, Antithamnionella, Lomentaria roseUy and Dosya 
ocellata Harv. only tetraspores have so far been found ^ (cf. also 
HildenhrandiOy p. 655). Svedelius (680) has established that in 
Lomentaria rosea^ a northern species always found in water of con- 
siderable depth, the tetraspores have the same number of chromo- 
somes as the vegetative cells. Comparison with other species of 
Lomentarioy having a normal life-cycle, shows that the plants of 

^ The parthenogenesis in Ptilota suggested by Davis ((163) p. 375) is prob- 
ably unfounded (cf. (380) p. 61, (518) p. 365). 

2 Cf. (50) p. 205, (75) p. 4» (375), (426) pp. 94, 1 12, (428) p. 640, (S17) p. 186, 
(siq) p. 186, (558) pp. 343, 367, (736) p. 201 ; see also Furcellaria ((532) p. 116). 

® Miranda ((462) p. 378), however, describes antheridia in Antithamnionella. 




Fig. 293. A-D, J, K, Nitophyllum punctatum (Stackh.) Grev. ; A, B, successive 
stages in development of normal tetrasporangium from a diploid plant, in B 
showing supernumerary nuclei (r) and the functional nucleus (n); C, D, 
monospore-formation and liberation on the haploid plant; J, K, successive 
stages in development of monosporangium. E, Monospora pedicellata (Smith) 
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L. rosea are diploid, so that in this species the sexual phase has 
probably^ been lost. In Dasya ocellata also Westbrook ((740) p. 571) 
failed to obtain good evidence of the occurrence of meiosis in the 
tetrasporangium. 

In certain Florideae (especially Ceramiales) inhabiting northern 
waters, the sexual individuals tend to be largely summer-forms, while 
it is the asexual ones that last through the winter. Such instances are 
not without interest in relation to the problem of the origin of purely 
diploid types. Lewis (431) found that at Woods Hole Dasya pedicellata, 
Griffithsia globifera, and Polysiphonia violacea form carpospores in 
August and that the resulting tetrasporic plants pass through the winter 
as small germlings, which mature their tetraspores in July; many of the 
Red Algae in this region are believed to show a similar seasonal cycle. 
Comparable data are furnished by Kniep ((347) p. 220) for Laurencia 
hyhrida and by Svedelius^676) for Ceramium corticatulum in the Baltic 
(cf. also (184), (558) p. 433). Similarly, there is a preponderance of tetra- 
sporic plants of C. rubrum in winter and of cystocarpic ones in summer 
in the Isle of Man ((348) p. 1 17). In other localities, however, the same 
species may show a different behaviour (cf. e.g. (431) p. 34 for C. 
rubrum \ (635) for C. corticatidum). 

These are by no means the only data indicating a certain seasonal 
succession (cf. e.g. (226) pp. 380, 382, 448, etc. ; (707), (776) for the Mediter- 
ranean), but in most other instances this is not very clearly marked. 
Abundant records (cf. (427), (532), (676) p. 21), moreover, testify to the 
frequent simultaneous occurrence of the two phases, although some- 
times the one and sometimes the other persists for a longer period. The 
sequence may, moreover, be reversed; thus, Ceramium tenuissimum 
bears cystocarps from April to June and tetraspores from then till 
August, while in Dumontia incrassata ((183) p. 435, {535) p. 238) sexual 
plants are found in the early part of the year and tetrasporic ones later 
on. On North European coasts cystocarpic plants of Harveyella are 
found in winter and the tetrasporic ones mainly in spring p. 29). 

In Agardhiella Osterhout ((50s) p. 419 ; cf. also (347) p. 234) describes 
the outgrowth of the entire contents of a tetrasporangium as a single 
structure ; for a time (fig. 293 F) the groups of cells derived from the 
separate spores {te) remain distinguishable, but by degrees the limits 
become obscured. The base of the single proliferation thus produced 
(fig. 293 G) is embedded in the parent-thallus and the lower cells 

' Segawa ((608) p. 185) records an individual with cystocarps, but it is not 
certain that the same species is involved ((680) pp. 22, 36). 


Sol., monospore-formation. F, G, Agardhiella tenera (J. Ag.) Schmitz, 
germination of tetraspores in situ, with formation of a single plant; F, young 
and G, older stages. H, Seirospora occidentalis Boerges. and I, S. Griffith- 
siana Harv., paraspore-formation. m, monospore; w, nuclei; />, paraspores; 
r, supernumerary nuclei; rh, rhizoid; 5, stalk-cell; t, trichogyne; te, tetra- 
spores. (E after Bornet & Thuret; F, G after Osterhout; H after Boergesen; 
I after Rosenvinge; the rest after Svedelius.) 
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give rise to penetrating rhizoids {rh). These growths bear male or 
female sex organs or more rarely tetrasporangia ((167) p. 507); the 
presence of the last may imply an absence of reduction. Osterhout 
mentions the occurrence of comparable proliferations in Cysio- 
clonium (cf. also (558) p. 593) and Gracilaria. Other instances are 
known in Champia parvula ((486) p. 164) and Lomentaria rosea ((680) 
p. 19), in the latter associated with diploid tetraspores (cf. p. 725). 
The example afforded by Agardhiella is of particular interest because, 
when the proliferations bear sex organs, the sexual phase is parasitic 
on the asexual one, and we have the converse condition to that found 
in diverse Gigartinales (cf. p. 731). 

Special Types of Asexual Reproduction 

The Ceramiaceae frequently produce special types of reproductive 
cells which are restricted to the asexual individuals. As a general rule 
these also bear tetrasporangia, although in certain species the latter 
are lacking on most individuals. Monospora^ pediccllata {Calli- 
thamnion pedicellatum C. A. Ag. (68) p. 21, (nS), (-276) pi. 212, (478) 
p. 372, (580) p. 203) owes its generic name to the customary production 
of ovoid “monosporangia ” (fig. 293 E, m), accompanied by infrequent 
tetrasporangia with tetrahedral spores; sexual plants are rare and 
have not been found on British shores. The “ monosporangia”, which 
are deeply pigmented and multinucleate, occupy the same position 
as the tetrasporangia and are seated on a stalk-cell (^) with scanty 
contents. At maturity they become detached as a whole and germi- 
nate without shedding the enveloping membrane; a further spo- 
rangium can develop from the same stalk-cell. In view of the variable 
size of the latter, Schiller ((580) p. 204) regards the structures under 
discussion as bisporangia in which the lower cell has degenerated. 
Although probably diploid ((400) p. 1 59), the detachment and germi- 
nation of the entire organ renders its sporangial nature doubtful. 

The so-called paraspores of Seirospora Griffithsiana^ ((68) p. xiv, 
(478) p. 364, (580) p, 144, (593) p. 276), which may be associated with 
bi- and tetrasporangia ((129) p, 217, (209) p. ii, (432) p. 195), occur as 
branched tufts (fig. 293 H, I, /)), composed of rounded thick-walled 
uninucleate cells; in S. occidentalis ((so) p. 225) they occupy the same 
position as the sporangia. The individual cells become detached at 
maturity, but the contents escape from the membrane prior to germi- 
nation ((558) p. 351). Similar structures are recorded at the tips of 
the branches of Ceramium strictum ((580) p. 148) and C. Deslongchampii 
((253) p. 45). Spermatia have been observed on the trichogynes of 
Seirospora Griffithsiana ((460) p. 284) so that this species probably 

^ Neomonos /yora, according to Setchell & Gardner, Proc. California Acad, 
Sci. IV, 22, 87, 1937. 

^ Cf. also Dohrniella ((225) p. 232). 
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possesses a normal alternation, the paraspores constituting an ac- 
cessory means of propagation of the sporophyte. It may be doubted 
whether they have any homologies with the sporangia. In another 
species of Seirospora they have been found on individuals bearing 
aborted procarps ((326) p. 468). 

Structures described as polyspores^ which are formed within 
definite sporangia and have already been noted in Acrochaetium 
(p. 625), are of frequent occurrence among Ceramiaceae (see (737) 
p. 360) and are also recorded in Gontmophyllum ((619) p. 394) and in 
Chylocladia (458). The sporangia of Gotnmophyllum ((382) p. 96) develop 
like those of other Nitophylleae (fig. 294 H). The nucleus of the initial 
divides into 30-50 parts, and the subsequent cytoplasmic cleavage 
results in a radial group of polyspores (fig. 294 I, p) surrounding a 
central cell (^e). In this instance the polyspores appear to replace the 
tetraspores. This is also so in Pleonosporium,^ in Spermothamnion 
Snyderae among Ceramiaceae, and in Coeloseira ((309) p. 871) among 
Champiaceae. The sexual individuals of Pleonosporium bear sex 
organs closely resembling those of Callithamnion ((210), (590) p. 116). 
The contents of the polysporangium first segment into four and then 
divide to form 8-24 spores. There is evidence of meiosis ((458) p. 194) 
and this, taken in conjunction with the details of development, 
justifies the view ((179) p. 474, (400) p 157, (558) p. 399) that the poly- 
spores are derivatives of tetraspores. In Spermothamnion Snyderae 
(179) there is a normal alternation (fig. 294 B, C), although the asexual 
individuals bear polysporangia only. Their initials (fig. 294 E, sp) 
contain several diploid nuclei, which undergo simultaneous meiotic 
divisions (fig. 294 F, G) so that the resulting spores are in multiples 
of four. 

In most Ceramiaceae, however, the polysporangia are accompanied 
by tetrasporangia, although the former tend to predominate in certain 
(colder?) habitats; sexual plants are often rare ((558) p. 40b, (660)). 
The polysporangia usually contain two or more nuclei at an early 
stage and the spores are mostly formed in multiples of four. They 
have been recorded in diverse species of Ceramium ((513) pp. 51, 85, 
(524) p. 287, (580) p. 148), where they appear as large spherical struc- 
tures projecting from the cortical bands (fig. 294 D), in Callithamnion 
((369) p. 153, (558) p. 3 1 1, (734) p. 166), where they occupy the same 
position as the tetrasporangia (fig. 294 A), and in Spermothamnion 
((54) p. 16, (478) p. 41 1, (606) p. 224, (779)). They are also found in Anti- 
thamnion plumula ((580) p. 146, (593) p. 285) and in Compsothamnion 
((89) p. 188, (737) p. 360); in the former the number of spores is very 
considerable, in the latter there are eight. In Plumaria elegans ((87) 
p. 303, (380) p. 58, (531) p. 32, (ss8) p. 355, (660)) they occupy the tips of 

^ See (21) p. 35 (as Corynospora), (60) p. 336, (383) p. 57, (459), (478) p. 399, 
(580) p. 204. Funk ((226) p. 466) appears to be the only person who has re- 
corded tetraspores in Pleonosporium, 




Fig. 294. Polyspores. A, Callithamnion Hookeri (Dillw.) Ag. B, C, E-G, 
Spermothamnion Snyderae Farl. ; B, nucleus from somatic cell of female plant 
(haploid); C, the same from a polysporangium (diploid); E, polysporangium- 
initial, the sporangium {sp) about to be cut off; F, young sporangium, nuclei 
in synezesis; G, the same, diakinesis. D, Ceramium Deslongchampii Chauv. 
H, I, Gonimophyllum Skottsbergii Setch. ; H, formation of initial; I, mature 
sporangium in section. J, M-P, Plumaria elegans (Bonnem.) Schmitz; 
J, mature sporangium; M, branch with polysporangium; N, nucleus of apical 
cell of female plant; O, ditto of tetrasporic plant; P, ditto of plant bearing 
polysporangia. K, L, Callithamnion Furcellarieae J. Ag., bisporangia, in K 
dehisced, a, axial cell; c, chromosomes; ce (in I), central cell of polyspore- 
group; CO, cortex; w, nucleolus; />, polyspores; j, stalk-cell; sp, sporangium. 
(A, D, K, L after Rosenvinge; H, I, M after Kylin; the rest after Drew.) 
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the ultimate branches (fig. 294 J, M) and are usually found on distinct 
plants ((180) p. 349). 

In all the instances just mentioned it remains doubtful whether 
the polysporangia are, as in Spermothamnion Snyderae^ modified 
tetrasporangia producing haploid spores, or accessory reproductive 
organs, the spores of which serve merely for vegetative propagation 
and are formed without reduction ((400) p. 159, (sss) p. 312 et seq., 
(734) p. 166). A recent investigation by Drew (180) of Plumaria elegans 
has shown that here the polysporangia occur on special triploid 
plants (cf. fig. 294 P). The spores (fig. 294 J) are formed by suc- 
cessive division of the uninucleate initial and no reduction occurs 
during their formation. There are also haploid sexual (fig. 294 N) and 
diploid asexual (fig. 294 O) plants which follow a normal diplobiontic 
cycle. The mode of origin of the triploid plants is not yet clear, 
although the probable occurrence of triploid carpospores in Spermo- 
thamnion Turneri ((176) p. 563) indicates one way in which this con- 
dition could be reached. It remains to be seen whether a special 
nuclear constitution is associated with the occurrence of poly- 
sporangiate individuals also in other Ceramiaceae. It can hardly be 
doubted that the polysporangia are homologous with tetrasporangia, 
although those of Plumaria elegans^ and probably of other Ceramiaceae, 
have undergone more profound modification than those of Spermo- 
thamnion Snyderae ; this perhaps justifies the use for them of the dis- 
tinctive term parasporangia. 

Brief reference may be made to the hispores, which are particularly 
frequent in Corallinaceae (p. 655) and also of common occurrence in 
certain Ceramiaceae (fig. 294 L, and p. 714). Bauch ((3s) p. 366), who 
gives a list of all the records to date, refers to a seasonal alternation 
between bispore- and tetraspore-producing plants in Crouania 
atteniiata. Although an homology with tetrasporangia appears un- 
doubted (216,415), it still remains to be established whether or not re- 
duction occurs in the bisporangium. 

Modified Life-cycles 

While the previous considerations afford evidence of occasional 
modifications in the diplobiontic cycle, it is among Phyllophoraceae 
(Gigartinales) that the most fundamental changes are encountered. 
Although diverse species of Phvllophora possess a normal dipl o- 
biontic life-cvcle Tcf. o . 669 and (522) p. 251), it is now conclusively 
proved that that of P. BrodiaeP shows a striking abbreviation ((389) 
p. 27, (558) p. 525, (563) p. 13). The sex organs (cf. also (158) p. 29, (159) 
p. 257) occur either on the undulate margins of the fronds (cf. fig. 
295 A) or in special marginal leaflets (fig. 295 B,/); male and female 

^ The cystocarps described by Darbishire belong, according to Rosenvinge 
((563) p. 7), to P. membranifolia. 
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organs are often found in close association. The procarps (fig. 295 C) 
resemble those of P. membranifolia, but occasionally the trichogyne 
is scarcely developed. Spermatia have not been observed on the 
trichogynes, but Kylin ((389) p. 28) records the fusion of carpogonium 
and supporting (auxiliary) cell (fig. 295 D) which is taken as evidence 
of fertilisation. The gonimoblast-threads (fig. 295 E, ^), which arise 
from the enlarged and multinucleate auxiliary cell {su), penetrate in 
all directions between the cells of the gametophyte with which they 
establish pit-connections. A considerable number grow towards the 
exterior and give rise to nemathecial threads («; cf. also (135) p. 546)- 
As these develop (fig. 295 G, w), they raise the overlying cortex (c) 
and penetrate the surface in several places, often on both sides of the 
parent- frond ; the resulting cushions later fuse to form a large 
globular nemathecium (fig. 295 A, B, w), which sometimes encircles 
an entire fertile leaflet. Several months elapse before the nemathecia 
commence to form spores. They are differentiated (fig. 295 F) into a 
medulla (me) and a cortex composed of radiating threads (sp), in 
which all the cells, except for the outermost three or four, develop into 
cruciate tetrasporarlgia (cf. the nemathecia of other species, p. 674). 
Since the nemathecia of P. Brodiaei arise directly from the gonimo- 
blasts and produce tetraspores, they clearly represent the sporophyte, 
which is here parasitic on the gametophyte, the carposporangial stage 
being suppressed. The tetraspores grow into young plants ((558) p. 530, 
(563) p. 30) which are sufficiently like the mature gametophyte to com- 
plete the picture of the life-cycle. Claussen(i35) produces rather in- 
conclusive evidence that the nemathecial nuclei are diploid. 

The nemathecia just described have been regarded as belonging to a 
parasite (Actinococcus subcutaneus (Lyngb.) Rosenv. ; cf. (159), (252), (302), 
(591) p. 372), which was believed to obtain access through the apertures 
of the antheridial depressions (fig. 295 H). There were not wanting, 
however, suggestions that the ‘‘parasite'' might represent the actual 
sporophyte of P. Brodiaei ((158) p. 12, (554) p. 34), although this remained 
in doubt until it was established by Rosenvinge. Similar “parasites" 
are recorded in diverse other species of Phyllophora ((522) p. 251), in all 
of which no asexual individuals are known, while of the “parasite" 
only tetraspore-producing stages have been found. ^ There is thus con- 
siderable presumptive evidence that these species possess an abbrevi- 
ated life-cycle, comparable to that of P. Brodiaei. 

An analogous condition is met with in Gymnogongrus. G. norvegicus 
is probably a normal diplobiont, since separate cystocarpic and tetra- 
sporic individuals are known; the sporangial nemathecia were at one 
time regarded as a parasite, Colacolepis^ peltaeformis. The tetraspores 
from these nemathecia, however, germinate like the carpospores of the 

^ Heydrich’s carpogonia do not exist. 

^ Colacolepis was distinguished from Actinococcus by the shallow penetra- 
tion of the endophytic threads, from which the nemathecium was supposed to 
originate. 
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Fig. 295. Phyllophora Brodiaei (Turn,) J. Ag. A, B, plants with pemathecia 
(«); C, procarp; D, fusion between carpogonium and supporting (auxiliary) 
cell; E, development of gonimoblast; F, G, sections of young nemathecia; 
H, antheridial development, a, antheridium; c, cortex; cby carpogonial 
branch; co, connecting filament; cpy carpogonium; cw, cuticle; /, fertile 
fronds; g, gonimoblast; /, lateral; niy antheridium mother-cell; ma, medulla; 
fly nemathecia and nemathecial threads; spy young sporangia; sUy supporting 
cell; ty trichogyne. tA, B, E after Rosenvinge; the rest after Kylip.) 
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Fig. 296. A-C, Gyninogongrus Griffithsiae Mart.; A, older procarp; B, trans- 
verse section through developing nemathecium; C, spore-producing threads. 
D-O, Ahnfeltia plicata Fries; D, section of older nemathecium (diagram- 
matic); E, a few threads from a young nemathecium; F, development of 
secondary nemathecial threads; G-L, details of monospores; M, transverse 
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cystocarpic individuals (107,123) and produce erect fronds, having the 
structure of a Gymnogongrus. G. linearis (Turn.) Ag. also forms normal 
cystocarps ((174), (404) p. 26), although no tetrasporic individuals are 
known; spermatia have been observed on the trichogynes. 

In many species of GymnogongruSy however, cystocarps are lacking 
(cf. (523) p. 250), and this is so in G. Griffithsiae. The “parasite’’ (Cola- 
colepis aggregatus)y found on this species, bears the same relation to the 
procarp as in Phyllophora Brodiaei ((255), (256) p. 532), while its spores 
produce germlings with a discoid base bearing Gymnogongrus-ixond^ 
(128). Antheridia are unknown in G. Griffithsiae, and there is no evi- 
dence that fertilisation occurs. The procarps (fig. 296 A) are rudi- 
mentary and possess a large supporting cell (sw), bearing a two-celled 
carpogonial branch {ch\ cf. also (128) p. 759). Numerous threads (fig. 
296 B, g) arise from the supporting cell and some of them combine to 
form a fan-shaped mass of tissue (w), which penetrates the surface and 
forms a lobed nemathecium. There is no sharp line of demarcation be- 
tween its cells and the cortical tissue of the parent. The nemathecia, 
which are generally situated near the bifurcations of the thalli, form 
chains of sporangia (fig. 296 C) producing either tctra- or monospores 
(25s). 

Another instance is furnished by G. platyphyllus Gardn. ((235) p. 247), 
in which the “ parasite” (Actinococcus chiton Howe) has been shown (174) 
to be the tetrasporic stage. This arises in essentially the same way as in 
G. Griffithsiae \ antheridia are again unknown. It is possible that these 
species are altogether haploid. 

Despite its abundance, cystocarps have never been recorded in 
Ahnfeliia plicata} Especially during winter, however, the plants 
commonly bear yellowish nemathecia producing monospores ((87) 
p. 302), which were long regarded as belonging to a parasite Sterro- 
colax decipiens Schmitz ((591) p. 393), although their independence was 
sometimes questioned. Rosenvinge ((558) p. 560, (sH) p. 4) provided 
the proof that these nemathecia are part of the reproductive cycle of 
Ahnfeltia (cf. also (125), (255), (256) p. 534). No procarps are present, 
and the nemathecia (fig. 296 D) arise merely by proliferation of the 
cortical cell-rows (cd) of the thallus. According to Rosenvinge'^ the 
primary nemathecial filaments (/>«) bear two kinds of cells, viz. {a) 
terminal flask-shaped ones (fig. 296 E,/), possibly representing hairs, 

^ The male organs (fig. 296 O) described by Gregory ((256) p. 547) require 
further investigation. 

^ Gregory has a slightly different interpretation. 


section of mature nemathecium, development of monospores; N, ditto of 
developing nemathecium before production of the secondary threads; 
O, development of antheridia (?). f, chromatophore; cb, carpogonial branch; 
cOy cortex; cu, cuticle; /, flask-shaped cells; g, gonimoblast; ge, generative 
cells; niy monosporangium; w, nucleus; pn, primary and sn, secondary nema- 
thecial threads; sp, spermatium(?); sii, supporting cell; t, tetraspore; tm, 
tetrasporangium mother-cell. (A-C, M-O after Gregory; the rest after 
Rosenvinge.) 
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and (d) so-called generative cells (ge) which have dense cytoplasmic 
contents and are either terminal or situated laterally on the end-cells 
(fig. 296 N, ge). The generative cells, which are regarded as reduced 
procarps, give rise to threads (fig. 296 F, sn) which, extending out- 
wards, produce a system of secondary nemathecial filaments (fig. 296 
D, sn) overlying the primary ones and spreading over the surface of 
the parent-thallus. The end-cells of these threads (fig. 296 M) consti- 
tute the monosporangia ^ (m; cf. also fig. 296 G-L). Gregory ((256) 
p. 547) records fusions between the medullary cells in the neighbour- 
hood of a nemathecium. Rosenvinge concluded that the number of 
chromosomes was the same in the medullary cells and in the mono- 
spores (cf. however (25s) p. 768), but, although this is probable, there 
is need for a careful cytological study. 

The monospores germinate like those of Gloeosiphonia (p. 461 ; (12s) 
p. 350). The resulting violet-coloured crusts bear hyaline hairs and 
closely resemble the basal discs of Ahnfeltia (cf. also (77) p. 287). 

The life-cycle of Ahnfeltia thus presents a further stage in the 
reduction-series afforded by Phyllophora Brodiaei and Gymnogongrus 
Griffithsiae, The condition existing in P. Brodiaei shows a marked 
degree of correspondence with that found in Liagora tetrasporifera 
and Helminthocladia Hudsoni among Nemalionales (p. 627) and con- 
stitutes a striking example of convergent development. In either 
instance, although the starting-point is quite different, a probable 
diploicT phase dependent upon the haploid one is attained.* The rela- 
tion of the one to the other is altogether comparable to that found in 
Bryophyta. The manner of origin of such a dependent phase is of 
such interest that it is to be hoped that a thorough cytological in- 
vestigation of these particular Florideae will not be long outstanding. 
Until then the actual state of affairs remains conjectural. 

The condensed life-cycle of the Phyllophoraceae just considered 
naturally raises the question of the relation between the haplobiontic 
and diplobiontic types. A species like Gymnogongrus Griffithsiae is 
probably haploid throughout its life-cycle, and it is possible to con- 
ceive of the origin of a typical haplobiont by a comparable process of 
condensation. If, however, the haplobiontic Florideae be regarded 
as derived from diplobiontic types ((133) p. 329), a general simplifica- 
tion must be assumed to have taken place concurrently, for in almost 
every respect (chromatophores, thallus-structure, carpogonial 
branches, usual absence of auxiliary cells, etc.) the majority of 
Nemalionales appear as less specialised than the diplobiontic forms 
(cf. (678) p. 45). There is, moreover, presumptive evidence of a post- 
ponement of the reduction divisions in species of Liagora and Helmin- 
thocladia, whereas there are no facts indicating a transference of the 
seat of reduction from the tetrasporangium to the zygote. The 
Phaeophyceae demonstrate how tenaciously the place of the reduction 

^ De Toni’s record of tetraspores ((705) p. 204) is probably erroneous. 
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divisions may be confined to a definite type of reproductive ui^an (the 
unilocular sporangium). 

Attention may also be drawn to the instances afforded by Ulvaceae 
and Cladophoraceae among Chlorophyceae (i, pp. 216, 241), where 
likewise postponement of meiosis and establishment of isomorphic 
alternation is associated with advance in vegetative organisation ((771) 
p. 536). Svedelius ((67s), (677) p. 375, (678) p. 48) has emphasised the 
advantages arising from a postponement of reduction from the zygote 
to the sporangia of a distinct phase. The single division in the zygote 
is replaced by a large number of separate meiotic divisions upon the 
diploid phase, so that the possibilities for the redistribution of the 
characteristics of the parent are indefinitely multiplied. 

If the zygote of a haplobiontic red alga bearing sex organs and 
tetrasporangia — a condition occurring in diverse Nemalionales(p. 625) 
— failed to undergo meiosis, the diploid carpospores would produce 
individuals which might at first bear both sex organs and tetra- 
sporangia, the latter exhibiting reduction during spore-formation. If 
sexual fusion occurred in such diploid individuals, tetraploid forms 
would arise, and in this connection it is noteworthy that the majority 
of the investigated diplobiontic types have twice as many chromo- 
somes as the haplobiontic ones ((347) p. 219). Further increases in 
chromosome-number may have been prevented by sexual sterility, so 
that the sex organs on the diploid (tetraploid ?) individuals became 
functionless and gradually aborted (cf. p. 724 and (77O p. 553)* 

C. THE DETAILED CLASSIFICATION OF FLORIDEAE 

The following synopsis of the classification of Florideae is based on 
that proposed by Kylin ((387) p. 113, (389) p. 97; see also (400)). It is 
not possible to discuss earlier schemes of classification, nor do they, 
since the publication of the Naturliche Pflanzenfamilien (cf. also (587)), 
differ radically from that of Kylin, although there are numerous dif- 
ferences in matters of detail, largely as a result of more extended 
knowledge. It has not been thought advisable to include all the families, 
and a large number of genera have been omitted, but the opportunity 
is taken to give some details about additional genera, which were 
excluded from the previous treatment. 

I . Nemalionales : 

(a) Uniaxial forms : 

1. Acrochaetiaceae : Acrochaetium, Kylinia, Rhodochorton. 

2. Batrachospermaceae : Batrachospermum, Gulsonia, Notho- 
cladus, Sirodotia. 

The two Australian freshwater species of Nothocladus (644) possess an 
undulate thallus (fig. 297 C) in which the nodes tend to be obscured by 
abundant production of secondary laterals. The elongate axial cells 
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(fig. 297 D, d) are not as wide as the cortical threads (c), which become 
laterally fused. The short laterals (fig. 297 E, Z), arising from the cells 
of the curved carpogonial branches {cb)y later fuse to form an envelope 
around the base of the carpogonium (fig. 297 G, e). The gonimoblasts 
(fig. 297 H, g) spread through the adjacent whorl and form carpo- 
sporangia {ca) at or above the surface of the thallus. 

The imperfectly known genus Gulsoniay described by Harvey ((273) 
P* 334> (278) p. 320; cf. also (599) p. 331) from South Australian seas, has 
a smooth cylindrical thallus, with a basic structure like that of Batracho- 
spermum ; the richly branched laterals unite distally to form a continuous 
small-celled surface-layer. The compact gonimoblasts have an envelope 
of sterile threads. Monosporangia are recorded, while Agardh ((10) 
p. 56) describes tetrasporangia. 

3. Lemaneaceae: Lemanea, Tuomeya. 

4. Naccariaceae: Atractophora, Naccaria. 

5. Bonnemaisoniaceae : Asparagopsis, Bonnemaisonia. 

(b) Multiaxial forms : 

6. Thoreaceae : Nemalionopsis, Thorea. 

Thorea ramosissima (16,290,464,581,588,596.731), only once recorded in 
the British Isles ((732) p. 428) but apparently not uncommon on the 
continent ((262) p. 307) and in other parts of the world, is usually found 
in swiftly running streams. The branched mucilaginous thalli are stated 
to reach a length of one metre and are densely covered with a felt of 
deeply pigmented hairs (fig. 297 A). The bulk of the thallus consists 
of irregularly intertwined hyaline threads (fig. 297 B, me) which, to- 
wards the outside, pursue a more longitudinal course and here bear 
densely arranged laterals. Some of these are elongate and project 
beyond the peripheral mucilage as the tomentum of hairs (Zi), which 
seems to be shed in the older parts. According to Schmitz ((596) p. 710 ; 
cf. also (464) p. 340, (581) p. 16) the threads composing the thallus are 
sympodially branched, each thread sooner or later terminating in a tuft 
of hairs, whilst longitudinal growth is continued by one or more 
laterals. There are evident pit-connections between the cells. 

Certain peripheral branches bear swollen monosporangia {sp)y which 
are the only reproductive organs known. ^ The germinating spores ((581) 
p. 20) give rise to a creeping one-layered basal stratum, which bears 
short, erect threads and ChantransiaAikQ filaments, both of which can 
produce spores. In the mature plant several shoots arise from a basal 
disc which is encrusted with carbonate of lime and composed of a 
tangle of threads. A second species has recently been described from 
Jugoslavia (34s). 

Thorea has been regarded as a member of Phaeophyceae, but the 
presence of pit-connections and of starch-like granules in the cells 
((464) p. 342) suggests a reference to Florideae. The thallus can be re- 
garded as showing a specialised type of multiaxial structure. 

^ Schmidle’s cystocarps ((581) p. 26) are probably epiphytic Blue-green 
Algae. 



Fig. 297. A, B, Thorea ramosissima Bory; A, habit; B, part of thallus in 
longitudinal section. C-F, Nothocladus nodosus Skuja; C, part of a plant; 
D, apex of a branch, showing cortication; E, F, carpogonial branches. 
G, H, N. tasmanicus Skuja; G, developing fruit; H, gonimoblast-threads with 
carposporangia. a, axial cell; acy apical cell; c, cortical threads; ca, carpo- 
sporangia ; cby carpogonial branch ; cp, carpogonium ; e, envelope ; g, gonimo- 
blast; h (in B), hairs; /, lateral; w, spermatium ; mey medulla; py pericentral; 
Sy segment; spy monosporangium; ty trichogyne. (A after Schmitz; B after 
Hedgcock & Hunter; the rest after Skuja.) 
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NemalionopstSy recorded by Skuja (645) from the Philippines, is like- 
wise found in fresh water. The little-branched cylindrical thalli possess 
a structure like that of Nemalion ; hyphae are produced from the inner 
cortical cells. The only reproductive organs known are monosporangia 
borne terminally on the cortical threads. 

Kylin ((400) p. 66) regards these two genera as a series parallel to the 
marine Helminthocladiaceae. 

7. Helminthocladiaceae: Cumagloea, Dermonema, Dorella, Hel- 
minthocladia, Helminthora, Liagora, Nemalion, Trichogloea. 

Dorella ((727) p. 205) is a diminutive unbranched form closely re- 
sembling Nemalion. 

8. Chaetangiaceae : Chaetangium, Galaxaura, Scinaia. 

II. Gelidiales: 

I. Gelidiaceae: Gelidiella, Gelidium, Pterocladia. 

III. Cryptonemiales : 

1. Gloeosiphoniaceae : Gloeosiphonia, Schimmelmannia, Thure- 

tella. 

2. Endocladiaceae : Endocladia, Gloeopeltis. 

3. Callymeniaceae : Callocolax, Callophyllis, Callymenia, Erythro- 
phyllum ((ii) p. 57, (709)), Euthora, Nereoginkgo, Rhizopogonia ((39s) 
p. 6). 

4. Grateloupiaceae : Aeodes, Cryptonemia, Grateloupia, Haly- 
menia, Pachymenia, Prionitis, Thamnoclonium. 

This family is mainly represented in the warmer seas and several 
genera {Aeodes ((4) p. 678), Pachymenia) are confined to the Southern 
Hemisphere. The Pacific Prionitis seems to lack the characteristic 
stellate medulla (p. 478) found in most of the other genera ((599) p. 513, 
(634) p. 20). Cryptonemia Lomation (Bertol.) J. Ag. (fig. 298 E) is a 
characteristic foliose form found in the Mediterranean. The sexual re- 
production of C. borealis ((634) p. 16) is essentially like that of Grate- 
loupia', both the carpogonial and auxiliary cell branches are lodged in 
cavities. In Aeodes ((383) p. 18) the product of fertilisation becomes 
invested by a definite wall, composed of numerous interlacing filaments. 
In Cryptonemia and Prionitis the tetrasporangia are formed in nema- 
thecia. 

5 . Dumontiaceae : Acrosymphytum, Constantinea, Cryptosiphonia, 
Dilsea, Dudresnaya, Dumontia, Farlowia, Pikea, Thuretellopsis. 

Farlowia and Pikea ((4) pp. 252, 262, (272) p. 246, (383) p. 15, (599) 
p. 519), which inhabit the western coasts of North America, have 
flattened distichously branched fronds, the central axis being parti- 
cularly prominent in the latter ; the carposporangia are embedded at the 
periphery of the medulla, in two longitudinal series on either side of the 
median line in Pikea, uniformly distributed over the cross-section in 
Farlowia. 
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6. Cruoriaceae\ Cruoria, Petrocelis. 

7. Rhizophyllidaceae : Polyides, Rhizophyllis. 

8. Squamariaceae : Coriophyllum, Cruoriopsis, Ethelia, Hilden- 
brandia, Peyssonnelia, Rhododermis. 

9. Corallinaceae: Amphiroa, Archaeolithothamnion, Cheilo- 
sporum, Choreonema, Corallina, Epilithon, Lithophyllum, Litho- 
thamnion, Melobesia, Phymatolithon, Porolithon, Sporolithon. 

For other genera that have been distinguished, see (666) p. 257. 

10. Choreocolaceae: Choreocolax, Harveyella. 

I V . Gigartinales : 

(a) Without procarps : 

1. Calosiphoniaceae: Bertholdia, Calosiphonia. 

2. Nemastomaceae: Nemastoma, Platoma, Schizymenia. 

3. Sebdeniaceae : Sebdenia. 

4. Furcellariaceae : Furcellaria, Halarachnion, Neurocaulon. 

Families i, 2, and 4 include the genera placed in Nemastomaceae by 
Schmitz (599). 

5. Solieriaceae : Agardhiella, Anatheca, Eucheuma, Flahaultia, 
Meristotheca, Opuntiella, Sarcodiotheca, Solieria, Thysanocladia, 
Turnerella. 

All these are multiaxial and most inhabit warmer seas. Anatheca and 
Meristotheca ((4) p. 582, (393) p. 25) are tropical foliose forms, dis- 
tinguished by the occurrence of the carpogonial branches in small 
papillae borne on the surface of the thallus. Sarcodiotheca ((393) p. 15), 
based on the Pacific Anatheca furcata Setch. & Gardn. ((383) p. 36, (623) 
p. 310), lacks this feature. The cystocarps of all three resemble those of 
Agardhiella (p. 660), although in Meristotheca and Sarcodiotheca (fig. 
298 A) the carposporangia {cd) are arranged in rows. In Flahaultia 
appendiculata Born. ((65) p. 278) the cystocarps are devoid of the peri- 
pheral fibrous investment. 

Eucheuma ((2) p. 624, (so) p. 366, (727) p. 408, (729) p. 136, (753)), with 
species in the Indian Ocean and Japanese seas, has terete or flattened 
thalli, often occupied by abundant spiny branchlets which harbour the 
cystocarps. In Thysanocladia ((277) pi. 187, 21 1), an Australian genus with 
a flattened pinnate ly branched thallus, the carposporangia form rows 
radiating in all directions from a large branched (fusion ?) cell. 

6. Rissoellaceae\ Rissoella. 

7. Rhahdoniaceae: Areschougia, Catenella, Erythroclonium, 
Rhabdonia. 

All these are uniaxial. In Areschougia and Rhabdoniay most of the 
species of which are Australian, there is a three-sided apical cell, the 
segments of which produce only a single lateral ((393) p. 32); in the 
former the axial row remains prominent, while in Rhabdonia it is ob- 
scured by hyphae. The thallus of Areschougia ((277) pi. 13) is flattened 
with distichous branching, that of Rhabdonia ((hO p. 152, (277) pi. 152, 
299) terete and radially branched. Apart from Catenella ((387) p. 66) 
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the carpogonial branch is always three-celled. In the mature fruits 
there is always a large fusion-cell which, in Rhabdonia (fig. 298 D, /) 
and others, is directly connected with a cell of the axis (a). 

(6) With procarps : 

8. Rhodophyllidaceae : Acanthococcus, Calliblepharis, Craspedo- 
carpus, Cystoclonium, Rhodophyllis, Wurdemannia( ?). 

Acanthococcus antarcticus Hook. & Harv. ((2) p. 434, (4) p. 34, (269) 
p. 477), with a flattened distichously branched thallus, is restricted to 
the Antarctic seas. A large fusion-cell is found in the mature gonimo- 
blast (cf. Cystoclonium). Craspedocarpus ((393) p. 46, (599) p. 375 ; Callo- 
phyllis erosa Hook. & Harv. (274) p. 250) has a forked foliose thallus and 
resembles Calliblepharis and Hypnea in its reproduction ; the fruits con- 
tain a fine-celled tissue (fig. 298 F, s) and several groups of carpo- 
sporangia. 

Wurdemannia ((272) p. 245) is an Atlantic genus of doubtful affinity, 
referred by some to the Gelidiales ((204) p. 544, (205) p. 136), by others 
((53) p. 77; cf. also (599) p. 382) to the Rhodophyllidaceae. The habit 
(fig. 298 G) is like that of some species of Gelidium^ but a single apical 
cell is not evident (cf. (so) p. 369) ; the branches tend to become joined 
by haptera (h). Zonate tetrasporangia are the only organs of reproduc- 
tion known. 

Families 5-8 include the majority of the genera placed in the Rhodo- 
phyllidaceae by Schmitz (599) who, however, referred Calliblepharis to 
his Sphaerococcaceae. 

9. Hypneaceae: Hypnea. 

10. Plocamiaceae : Plocamium. 

11. Sphaerococcaceae: Heringia, Phacelocarpus, Sphaerococcus, 
Stenocladia. 

Apart from Sphaerococcus y the genera of this family are confined to 
South Africa and Australia; they are probably all uniaxial. There is a 
large fusion-cell in the mature gonimoblast ((393) p. 48), while the fruits 
generally project markedly and are sometimes {Phacelocarpus) stalked. 
The tetrasporangia are cruciate. 

12. Gracilariaceae : Ceratodictyon (Marchesettia), Curdiea, Graci- 
aria, Melanthalia, Tylotus. 

Curdiea ((273) p. 333, (277) pi. 39) and Tylotus ((4) p. 428) are Australian 
seaweeds with foliose thalli, the latter with sporangial nemathecia. The 
cystocarp of Tylotus ((393) p. 59) is like that of Gracilaria. The tetra- 
sporangia are cruciate. 

Families 9, ii, and 12 are included in Schmitz’s Sphaerococcaceae. 

13. Mychodeaceae: Mychodea. 

14. Acrotylaceae : Acrotylus ((2) p. 192), Hennedya. 

These are multiaxial forms of the Southern Hemisphere, with zonate 
sporangia grouped in nemathecia and with cystocarps of a special type 
(fig. 260 D; cf. (393) p. 67). 




Fig. 298. A, Sarcodiotheca furcata (Setch. & Gardn.) Kyi., section of a young 
cystocarp. B, C, Iridaea cordata (Turn.) J. Ag. ; B, section of a young 
cystocarp ; C, connections {co) between gonimoblast and nutritive tissue (nu). 
D, Rhabdonia verticillata Harv., mature gonimoblast. E, Cryptonemia 
Lomation (Bertol.) J. Ag., habit. F, Craspedocarpus erosus (Hook. & Harv.) 
Schmitz, section of mature fruit. G, Wurdemannia setacea Harv., habit, 
a, axial cell; c, cortex; ca, carposporangia; /, fusion-cell; g, gonimoblast; 
hf haptera; nu, nutritive tissue; s, fine-celled tissue. (E after Kutzing; G after 
Boergesen; the rest after Kylin.) 
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15. Phyllophoraceae : Ahnfeltia, Ceratocolax, Gymnogongrus, 
Phyllophora, Stenogramma. 

' 16. Gigartinaceae : Chondrus, Gigartina, Iridaea. 

Iridaea {Iridophycus (626) ; cf. (404) p. 22, (775) p. 82) is mainly represented 
in the Southern Hemisphere ((269) pp. 188, 485), although some species 
occur on North Pacific coasts, being often found between tide-levels ((623) 
p. 298). The large, often unbranched, fronds commonly show iride- 
scence. I. cordata J. Ag. (/. laminarioides Bory; I. micans Bory) is one 
of the largest of the Antarctic Florideae ((143) p. 149, (228) p. 54). The 
vegetative structure ((387) p. 45) is like that of ChondruSy but the threads 
composing the thallus always produce only two branches, as in Endo- 
cladia (p. 484); Kylin believes in an affinity between the two genera. 
The cells on the inner side of the gonimoblast of Iridaea produce 
numerous hyphae and constitute a nutritive tissue (fig. 298 B, nu)y with 
which certain elements of the gonimoblast connect by means of elongate 
threads (fig. 298 C, co). 

V. Rhodymeniales: 

1. Champiaceae: Champia, Chylocladia, Coeloseira, Gastro- 
clonium, Lomentaria. 

2. Rhodymeniaceae Bindera, Chrysimenia (sens, lat.), Coelar- 
thrum, Dendrymenia, Epymenia, Fauchea, Gloeosaccion, Hymeno- 
cladia, Rhodymenia. 

Epymenia ((274) p. 249, (277) pi. 89, (392) p. 22) bears its cystocarps and 
sporangia in small superficial outgrowths on the foliose thallus. 
Hymenocladia ((2) p. 772, (4) p. 31 1, (392) p. 24), most species of which 
are Australian ((277) pi. 20, 118), is distinguished by the abundant 
pinnate ramification of the thallus and the presence of short hyphae 
among the internal cells (cf. Callophyllis). The procarps and cystocarps 
are much like those of Rhodymenia. 

VI. Ceramiales: 

I. Ceramiaceae: Antithamnion, Ballia, Bornetia, Callithamnion , 
Carpoblepharis, Ceramium, Ceramothamnion, Compsothamnion, 
Crouania, Euptilota, Gattya, Griffithsia, Haloplegma, Halurus, Lejolisia, 
Microcladia, Monospora, Pleonosporium, Plumaria, Ptilocladia, Ptilota, 
Ptilothamnion, Reinboldiella, Seirospora, Spermothamnion, Sphondylo- 
thamnion, Spyridia, Vickersia, Wrangelia. 

Ballia callitricha ((2) p. 74, (18), (267), (407) p. 400; inch B. Brunonis 
Hook. & Harv. (269) p. 488) is a widely distributed ((405) p. 70) sub- 
antarctic and antarctic sublittoral form (see map i, p. 8). The rigid 
threads show repeated pinnate branching (fig. 299 A), the older parts 
being densely corticated. In the rarer B. scoparia Harv. ((277) pi. 168) 
the branches are alternate. 

Carpoblepharis y Gattyay and Ptilocladia show a modification of the 
batrachospermoid structure of Crouania and depart rather widely from 
other Ceramiaceae in habit. The first has species in South Africa and 
Japan, the other two are Australian. All three have flattened, pinnately 
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branched thalli. In Carpohlepharis ((599) p. 500) and Gattya ((277) pi. 
93, (599) p. 499) the axial cells bear whorls of six laterals, the branches 
of which unite to form a compact surface ; in Gattya the inner cells of 



Fig. 299. A, Ballia callitricha (Ag.) Mont., habit. B, Dictymenia Sonderi 
Harv., part of a plant. C, D, Haloplegma Preissii Sond. ; C, portion of a frond, 
natural size; D, small part of network, enlarged. E-G, Colacopsis pulvinatum 
(Schmitz) De Toni; E, older female frond; F, tetrasporangiate frond; G, 
transverse section of latter. H, Wrightiella Tumanowiczit (Gatty) Schmitz, 
part of a branch, with, a spine (sp) and a fertile trichoblast. a, axial cell ; co, 
cross-connections ; p, pericentral ; ty tetrasporangium ; tr^ trichoblast. (A after 
Kiitzing; E-G after Falkenberg; H after Boergesen; the rest after Harvey.) 

the laterals are widely separated, giving a loose fistular structure. 
Ptilocladia ((277) pi. 209, (599) p. 499) has the laterals in whorls of four; 
in the older parts hyphae form an investment to the inner surface of the 
cortical region. Okamura (490) would unite Reinholdiella (see p. 528) 
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with Carpoblepharis, The sporangia of the latter are confined to special 
fructifying shoots. 

Haloplegma ((4) p. 89, (277) pi. 79, (599) p. 492), with species in the 
warmer seas, has a branched, spongy thallus (fig. 299 C), in which 
numerous CallithamnionAikt threads are linked (fig. 299 D), by means 
of cross-connections (<:o), to form an elaborate network. 

2 . Delesseriaceae : 

(a) Delesserieae : Apoglossum, Caloglossa, Claudea, Delesseria, 
Grinnellia, Hemineura, Hypoglossum, Membranoptera, 
Pantoneura, Vanvoorstia. 

(b) Nitophylleae : Acrosorium, Cryptopleura, Gonimophyllum, 
Haraldia, Martensia, Myriogramme, Nitophyllum, Phy- 
codrys, Polycoryne, Polyneura. 

(^:) Sarcomenieae : Cottoniella, Platysiphonia, Sarcomenia, 
Taenioma. 

3. Rhodomelaceae : The following subdivision of this large family 
is based on Falkenberg (192): 

{a) Polysiphonieae: Bryothamnion, Digenea, Polysiphonia, 
Stromatocarpus. 

{b) Lophothalieae : Brongniartella, Doxodasya, Lophocladia, 
Lophothalia, Murrayella, Pteronia, Spirocladia, Wrightiella. 

Wrightiella ((50) p. 310, (192) p. 559, (502) p. 222), found in the warmer 
parts of the Atlantic, resembles Lophocladia (p. 550) in the method of 
cortication and the endogenous origin of the lateral branches, most of 
which develop as spines of a soft consistency (fig. 299 H, sp)^ as well as 
in the production of sporangia {t) on the trichoblasts {tr). It is the 
upper part of the latter that becomes polysiphonous, the segments 
forming a single sporangium (fig. 299 H) and bearing a uniseriate 
branchlet. For Spirocladia see (s6, 480). 

(c) Bostrychieae: Bostrychia, Colacopsis. 

{d) Rhodomeleae: Odonthalia, Rhodomela. 

{e) Chondrieae: Acanthophora, Chondria, Coeloclonium, Her- 
pochondria. 

(/) Laurencieae: Janczewskia, Laurencia, Ricardia. 

(g) Pterosiphonieae : Dictymenia, Pollexfenia, Pterosiphonia, 
Symphyocladia. 

Dictymenia ((2) p. 1076, (6) p. 103, (192) p. 282, (270) pi. 7, (277) pi. 21), 
with species in the Indian Ocean and Australia, shows marked division 
of the pericentrals situated on the flanks of the principal axes and of the 
laterals. This results in a leafy expanse (fig. 299 B), in which axis and 
laterals appear as veins, while the free tips form projecting teeth; there 
is a narrow small-celled cortex. Trichoblasts, which do not bear the 
reproductive organs, occur only on the free tips. 

{h) Herposiphonieae: Amplisiphonia, Dipterosiphonia, Herpo- 
siphonia, Periphykon, Placophora. 

(z) Lophosiphonieae (see p. 566) ; Ctenosiphonia, Falkenbergiella, 
Lophosiphonia, Ophidocladus, Stictothamnion. 



LITERATURE 


747 

(j) Polyzonieae: Cliftonaea, Euzoniella, Leveillea, Polyzonia. 

(k) Amansieae : Amansia, Halopithys, Kiitzingia, Lenormandia, 
Osmundaria, Rytiphloea, Vidalia. 

4. Dasyaceae: Colacodasya, Dasya, Dasyopsis, Dictyurus, Hetero- 
siphonia, Thuretia. 
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Class XL MYXOPHYCEAE (CYANOPHYCEAE)i 

The Myxophyceae or Blue-green Algae are more clearly circum- 
scribed than any other class of pigmented Protophyta. The low state 
of cell-differentiation, the usual blue-green pigmentation of the peri- 
pheral cytoplasm, the abundant production of compounds containing 
glycogen to which the brown coloration with iodine is due, the 
absence of advanced stages of thallus-organisation, the often copious 
production of mucilage frequently in the form of well-defined sheaths 
to the cells or filaments, and lastly the customary absence of clearly 
differentiated reproductive organs, all tend to give a very definite 
stamp to the members of this class. Both in cell-structure and in the 
lack of specialisation in the plant-body the Myxophyceae exhibit a 
relatively low stage of differentiation and, after obtaining some 
familiarity with them, one is left with the impression of an archaic 
group that has possibly persisted with little alteration during long 
epochs of the earth’s history. There are relatively few certain records 
of fossil Myxophyceae (p. 859), although probable members of the 
class are recorded from some of the oldest strata (cf. e.g. (678)). 

There can be no doubt that the Myxophyceae have an origin 
independent of that of other algal classes, and there is at present no 
evidence in support of the assumption that they are derived from 
a flagellate ancestry. Such blue-green Flagellates as have become 
known belong to other classes (i, p. 653) and show no affinity with 
the Blue-green Algae. Reproductive elements moving with the help 
of flagella are lacking,^ although movements of single cells or filaments 
(hormogonia, p. 804) by means of other mechanisms are widespread. 
No trustworthy records of sexuality have ever been obtained, which 
is not surprising in view of the low stage of nuclear differentiation. 
All Blue-green Algae show an algal organisation and the simplest 
members (Chroococcales) are unicellular, although for the most part 
remaining combined after division to form palmelloid aggregates or 
colonies of other kinds (figs. 311, 312). As in other classes these 
probably represent the most primitive types. The likewise unicellular 
or colonial Chamaesiphonales, which differ in their marked polarity 
(p. 819 and fig. 3 1 5), are probably direct descendants from such forms. 

The many diverse filamentous types, whose interrelationships are 
difficult to elucidate (p. 858), no doubt constitute a plurality of evo- 
lutionary lines arising from a common filamentous ancestry, itself 

^ The name Myxophyceae has priority (cf. also (241) p. 173) over the 
possibly more suitable designation Cyanophyceae. The class is also often 
named Schizophyceae or Phycochromophyceae. 

* Goebel’s {Bot. Zeit, 38, 490, 1880) record of zoospores in Merismopedia 
has never been confirmed. Later ones (557.649) are equally improbable. 
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derived from coccoid forms. In a considerable number, corre- 
sponding in the main to the Hormogoneae of Thuret, the thallus 
consists of simple or branched filaments, often aggregated in a charac- 
teristic manner and each very commonly enveloped by the more or 
less firm sheath (fig. 306) already referred to above, a feature which 
gives a very characteristic stamp to the filamentous Myxophyceae. 
When such a sheath is present, it is customary to speak of the entire 
structure as a filament, while the contained thread or threads are 
designated trichomes. The Pleurocapsales (figs. 316, 317) and Stigo-i 
nematales (fig. 331) differ from the other filamentous types in their 
heterotrichous differentiation, and certain members of the latter 
order, which exhibit apical growth and a parenchymatous construc- 
tion (p. 855 and fig. 333), attain the highest organisation among Blue- 
green Algae. The threads of many of the filamentous forms include 
the ambiguous structures known as heterocysts (fig. 307 and p. 796), 
although these are lacking in Pleurocapsales, Oscillatoriaceae and^ 
occasional members of other families. 

The Myxophyceae are a highly successful group and enjoy a wide 
distribution in all kinds of habitats. They are perhaps of greater 
ecological importance as pioneer-forms than the members of any 
other class of Algae. While constituting an important unit in the 
marine intertidal belt (198) and in salt-marshes, they are also widely 
distributed in the benthos and plankton of fresh waters of all kinds, 
and play a particularly active role in the terrestrial vegetation of 
humid regions, especially in the Tropics (p. 865). Diverse Blue-green 
Algae flourish in habitats frequented by few other forms of plant-life 
(hot-springs, p. 864; the frigid lakes of the Antarctic, the rocks of 
rushing torrents and cataracts), while several are of importance as 
lime-boring forms (p. 866) and participate in the deposition of cal- 
careous and siliceous rock-masses. A considerable number of Blue- 
green Algae live in association with other organisins4„jexamples are 
afforded by their occurrence as algal constituents ofl Lichens \(p. 875), 
as symbionts in the cells of diverse unicellular animatT ^d other 
colourless organisms (p. 875), and asjT^space-parasite^ within the 
tissues of various higher plants {Anthoc eros, Azolla, C yCSds, etc. , p. 872). 
The capacity to thrive under such diverse circumstances indicates a 
great degree of adaptability,while the successful growth at high tempera- 
tures is perhaps related to conditions of life in the remote past. 

The Myxophyceae are best grouped in five orders (652) which may 
be briefly epitomised as follows : 

(a) Without hormogones : 

I. Chroococcales : unicellular or colonial (commonly palmelloid); 
multiplication by cell-division and by endospores (p. 81 1). 

II. Chamaesiphonales : unicellular or colonial epiphytes or litho- 
phytes exhibiti ng m arked polari^ multiplication by endospores 01 
exospores (p. 813). 
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III. Pleurocapsales : heterotrichous filamentous types devoid of 
heterocysts; multiplication by endospores. 

(b) With hormogones (Hormogoneae Thuret) ; 

IV. Nostocales : non-heterotrichous filamentous types, often showing 
false (rarely true) branching ; heterocysts commonly present ; multipli- 
cation by hormogones, hormocysts (p. 807), and akinetes. 

V. Stigonematales : heterotrichous filamentous types with true 
branching, mostly with heterocysts and usually showing clear pit- 
connections between the cells; multiplication by hormogones and 
hormocysts, more rarely by akinetes. 

(a) THE STRUCTURE OF THE CELL 

The general Features of the Protoplast 

In the majority of Blue-green Algae two regions are distinguishable 
within the protoplast (figs. 300 A; 301 E), viz. a peripheral region 
(chromatoplasm i ch), within which the photosynthetic pigments are 
lodged, and a colourless central region (central body, centroplasmy ce) ; 
the two are not uncommonly recognisable in the living cell. In certain 
Chroococcales (Chroococcus turgidus (loi), (241) p. 176) the pigments are 
stated often to be distributed throughout the whole protoplast (cf. 
also (84) p. 387), but this is probably an unusual and perhaps abnormal 
condition. Fischer ((185) p. 27) showed that, by treatment of certain 
Oscillatoriaceae with hot hydrofluoric acid, which dissolves all but 
the chlorophyll-containing parts of a cell, only the chromatoplasm 
persists. The relative proportions of centro- and chromatoplasm vary 
considerably, not only in different species but even in different cells 
of one and the same individual ((276) p. 403, (558) p. 268). The contour 
of the chromatoplasm may appear relatively even ((0 p. 433), although, 
especially in filamentous types', it is frequently irregular, processes of 
the centroplasm extending into the pigmented region ((250) p. 10, 
(409) p. 19, (473) p. 284, (635) p. 12); The greater part of the protoplast 
is usually stated to possess an alveolar structure,^ the alveoli being 
occupied by substances with a thick viscous or stiff gel-like con- 
sistency (cf. especially (17) p. loi), but according to Geitler ((250) p. 5) 
the chromatoplasm is homogeneous. Mitochondria appear to be 
lacking ((278) p. 285, (280) p. 178, (S09) p. 537). 

The cells are commonly filled with highly refractive granules ((637) 
p. 275), and the bulk of these appear to consist of a proteinaceous 
reserve styled cyanophycin. These granules are usually located in the 
peripheral cytoplasm and, in filamentous forms, some are frequently 
grouped on either side of the septa (figs. 300 G, c; 319 B, D, ^); the 

^ See (87) p. 18, (88) p. 27, (89) p. 65, (90) p. 43, (185) p. 17, (276) p. 402, (299) 
p. 185, (431) p. 226, (458) p. 528, (572) p. 625, (603) p. 402, (644) p. 36. For other 
interpretations, see (i) p. 441, (229) p. 274, (303) p. 473, (308) p. 173, (409) p. 21, 
(458) p. 527, (558) p. 227, (635) p. 12. 
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granules occupying this position possess a marked degree of per- 
sistence so that their presence is used as a taxonomic character. Apart 
from the cyanophycin-granules, the central body of fixed material 
often contains so-called Ipi etachromatin granules 301 H, w), 
which likewise appear to be albuminous and are probably in large 
part identical with volutin ((351) p. 3, (411) p. 134, (637) p. 276); they 
are commonly at least situated especially at the periphery of the 
centroplasm ((*29) p. 269, (45s) p. 34, (558) p. 248). It may be doubted 
whether all the granular inclusions of the blue-green cell belong to 
these two categories. Many observers record minute droplets of fat.^ 

The protopla st normally possesses no evident vacuoles. It has a 
high degree of viscosity and a gel-like consistency ((17) p. 93 ; cf. how- 
^er (108) p.^6), altH^gh probably containing a considerable amount 
of imbibed water ((530) p. 412). Prolonged action of strong centrifugal 
force on Oscillatoria princeps ((9) p. 226) causes no displacement of the 
cell-contents, and protoplasmic movement is lacking ((241) p. 175; cf. 
however (270) p. 256).(The^rotoplast adheres firmly to the extensible 
cell-membrane.. According :o SchnTid'"Xrs3o’rpr'J79r; cf. also (284) 
p. 836, (36s) p. 536) the osmotic pressure is low, but owing to the un- 
usual extensibility of the cell-membrane a turgid cell may be as much 
as 60 % longer than a non-turgid one. 

These properties of the blue-green cell are no doubt in part re- 
sponsible for the peculiar features of plasmolysis.^ Strong solutions 
(20% KNO3) and immediate observation are necessary, since there is 
usually rapid deplasmolysis. Often the entire cell undergoes marked, 
but irregular, contractions, the membrane failing to separate from the 
protoplast or doing so only at a few points; the protoplast never 
contracts into a ball. According to Cholnoky ((roS) p. 526) the mem- 
brane commonly recovers more rapidly than the protoplast during 
deplasmolysis. The degree of plasmolysis often varies markedly in 
different cells of a thread and in different individuals. Since there are 
no vacuoles, the shrinkage in plasmolysis must depend on the with- 
drawal of imbibition-water. There is indeed abundant evidence 
that the protoplast readily loses water with accompanying contraction 
and equally readily swells by imbibition, a feature which is no doubt 
significant in relation to the marked capacity of Blue-green Algae to 
thrive in a subaerial environment. 

Evident vacuoles commonly occur in older cells whichar^moribund ; 
the change is usually accompanied by disappearance of the pigments 
other than carotene so that the chromatoplasm assumes a yellow 

^ Baumgaertel used a mixture of methylene blue and acid fuchsin in i % 
acetic acid which stains the chromatoplasm and the walls of the central 
alveoli rose, the intervening substance (his endoplasts) light blue, the meta- 
chromatin granules dark to black blue and the cyanophycin grains dark red. 

* See (74), (*85) p. 25, (263) p. 209, (280) p. 139, (343) p. 547 . (488), (489), (529) 
p. 585. (S3o) p. 389, (538) p. 54, (595) p. 182. 
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colour ((250) p. 12). After a certain stage of vacuolisation is reached, 
the condition is irreversible ((241) p. 183). Vacuolisation has been 
frequently reported in Scytonema ((276) p. 408, (458) p- 531, (s4o) p. 206) 
and Stigonema (383), whilst it is very characteristic of the developing 
hair-cells of Rivulariaceae ((649) p. 264). At first, as a general rule, 
numerous small vacuoles appear ((ssS) p. 234), but these gradually 
coalesce to form usually a single large one which is sometimes ex- 
centric in position. 

Vacuolisation of a special kind is met with in certain Oscillatoriaceae, 
most frequently in Oscillatoria Bdrneti ((241) p. 182, (649) p. 260). Here 
the entire protoplast, commencing with the centroplasm, becomes con- 
verted into a network of polygonal sap-vacuoles separated by delicate 
cytoplasmic lamellae (fig. 300 B-D). Since the cells of such trichomes 
continue to divide (fig. 300 C) and the threads retain the power of 
movement, the vitality of the plant does not appear to be appreciably 
affected (cf. however (108) p. 527). The condition seems to depend on a 
deficiency in mineral salts and can be reversed by placing the material 
in a suitable nutritive solution ((246) p. ii, (250) p. 13). The appearance 
of the vacuolated cells has been taken as proof of the alveolar nature 
of the cytoplasm ((241) p. 183). 

Pseudo-vacuoles ^ 

Diverse, but not all, planktonic Myxophyceae (species of Microcystis , 
Coelosphaerium, Anab aena, AphanizomenoTiy Gheptdchia^ iic^'Wt 
characterised by' their marked buoyancy whicKls retained evjen after 
death. Many of these are responsible for the production oi^waierj‘ 
flowers. Their buoyan t properties are associated with the presence in 
the protoplasts of the vegetative cells of spaces, which are probably 
occupied by gas and are usually called pseudo- or gas-vacuoles. The 
latter are less refractive than the surrounding cytoplasm and, under 
low powers of the microscope, appear as a number of black dots 
which, at higher magnifications, exhibit a dark-red colour usually 
regarded as a purely optical effect (cf. however (76) p. 3, (271) p. 22). 
Material preserved in formalin remains floating at the surface of the 
liquid, even after many years, and pr^ents a characteristic white 
appearance due to reflection of light. vacu oJ es appear 
situated in the chromatoplasm ((102) p. 347), more particularly in the 
i|mer part ((250) p. 16), and usually possess an irr egular shape (fig. 300 

G, ^), which is retained even after they areTeleasecrTrorn the cells. 
Certain Oscillatorias have exactly spherical pseudo- vacuoles (270). 

One of the earliest experiments used to demonstrate the presence 
of gas in these vacuoles ((2) p. 30, (340) p. 247, (566) p. 1 14) was to strike 
a numberdf^^ on the cork of a bottle completely filled with 

liquid containing the algal material; the latter thereupon sinks to the 
bottom and the vacuoles are found to have disappeared. A similar 
^ For a more detailed review, see (188). 
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result is obtained if material is subjected to centrifugal force ((343) 
p. 567). An escape of gas-bubbles from the cells, when subjected to 
pressure under a cover-glass ((341) p- 198, (343) p. 558), can be directly 
detected under the microscope ; Chodat ((102) p. 346) treated material 
dried on a slide with chloral hydrate and observed a successive escape 
of bubbles. 

The vacuoles do not, however, disappear in an ordinary vacuum, 
and this has been used as an argument against the presence of gas 
within them ((i86) p. 108, (417) p. 51); their persistence in decaying 
material has also been interpreted in this sense ((102) p. 405). Klebahn 
has since ((34s) p. 412) demonstrated their disappearance in a vacuum 
created in a special manner. Decrease or increase of pressure up to 
four atmospheres produces no observable change ((342) p. 176), but 
under greater pressures there is a permanent decrease of volume of 
the fluid which is proportional to the amount of alga present ((343) 
p. 57o> < 344 ) p. 147, (345) p. 409). 

The vacuoles vanish more or less rapidly in boiling water, on treat- 
ment with strong mineral acids and alkalies, in acetic, chromic and 
picric acids, as well as in organic solvents like chloroform, carbon 
bisulphide, acetone, phenol, etc. (cf. (270 p. 22, (343) p. 552, (417) p* 55 }^ 
T hey al so diminish and finally dis appear within ripening akinetes 
((34c0pr2B27T34i J ‘p7^U2,"(5^ p. 3^ . 

The view that the structures under consideration contain gas has 
been opposed ((76), (271), (382) p. 467, (417)) owing to their irregular 
shape and non-disappearance in a vacuum. Molisch was of the opinion 
that the contents were a viscous or semi-solid substance of low specific 
gravity, a conclusion which can scarcely be harmonised with their 
disappearance under pressure. While an absolutely convincing proof 
of the presence of gas has yet to be given, there is much that speaks 
for it. Each vacuole must be assumed to be surrounded by a membrane 
which is impermeable to the contained gas, ^In relation to the great 
theoretical difficulties involved in a prolonged retention of gas within 
spaces in the protoplast,^ it should be noted that that of the blue- 
green cell is peculiar in its probable gel-like consistency (cf. p. 771). 
Gas-bubble^ within colloidal mediajare rarely spherical and, at the 
interface between them and the colloid, precipitations occur leading to 
the formation of a dense rhembrane(355). The removal of air from such 
artificial “vacuoles” by phenol is described by Klebahn ((343) p. 545). 
The nature of the gas is at present unknown, but it is believed to 
consis t largely of nitrogen or of some compound (amine) containing 
nitrogen ((340) p. 2^i, (343) p. 577, (34s) p. 413, (382) p. 406). 

The vacuoles under discussion are not confined to planktonic 
Myxophyceae and have in fact been frequently recorded in attached 

^ Gas-bubbles also occur within the protoplast of the Protozoan Arcella^ 
but here they only persist for a short time and are then absorbed (cf. (4*7) 
P- 49 ). 




Fig. 300. Vacuoles and pseudo-vacuoles. A-D, Oscillatoria Borneti Zukal; 
A, two normal cells; C, early stage and B, D, successively later stages of 
vacuole-formation. E, I, K, Tolypothrix rivularis Hansg. ; E, formation of 
pseudo-vacuoles at upper end of thread; I, hormogonium with sheath; 
K, young hormogonium with pseudo-vacuoles. B^mNostoc Linckia (Roth) 
Born, et Flah. and G, Phormidium ambiguum Gom. var. major Lemm., parts 
of pairs of threads, showing relative distribution of cyanophycin granules (r) 
and pseudo-vacuoles (g). H, J, Calothrix epiphytica W. & G. S. West; 
H, formation of pseudo-vacuoles in upper part of thread; J, group of 
hormogonia with sheaths, cyanophycin granules; ce, centroplasm; ch, 
chromatoplasm; g, pseudo-vacuoles; /r, heterocyst; sheath; sCy septum; 
Vy vacuole. (A-D after Geitler; the rest after Canabaeus.) 


they might function as ^iglu-sciree^ Pseudo-vacuoles are, however, 
specially co mmon in forms inKaBiting putrefying bottom-deposits 
j^ficientirPoxygenl ((355) p. 31, (382) p. 467; cf. also (23^)," and the 
associated Bacteria often possess similar structures (cf. also (150) p. 36 ; 
(419) p. 226). Some of the characteristic sapropelic Oscillatoriaceae 
(e.g. O. Lauterhornei Schmidle), although possessing vacuoles, do not 
appear in quantity in the plankton. 
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Kolkwitz first suggested that the vacuoles might contain fermenta- 
tion-gases that remained imprisoned within the protoplast. Cana- 
baeus ((91) p. 22) caused the appearance of vacuoles by placing material 
in solutions of sodium chloride or iron sulphate in a stream of hydro- 
gen. Their formation under anaerobic conditions is in accord with the 
frequent appearance of vacuoles in material that is densely packed and 
with their occasional restriction to the peripheral cells of colonial 
planktonic forms ((72) p. 157, (76) p. 5, (itos^). V The psendo-v acuoles 
often j)ccupy the saniejgosi ^n as the cyanophy ci n granules (cf. fig. 
300 E-G) which led CanaEa^s ((91 ) p. ^ t o condude that they are 
products of the fermentation of the latter, an assump tion wTu ch a grees 
^ith the view ^that"lhe~‘^as" iS''Targelv^nitrogeTTntis Tn -haturj^ In 
OsciUatona ampMg ranula tn van Goor ((270) p. 258; ther^ is a single 
large vacuole on efther side of the septum. 

It has frequently been suggested ((271) p. 35, (6n) p. ii, (629)) that 
the planktonic types possessing pseudo-vacuoles first develop at the 
bottom and only secondarily assume a planktonic existence, although 
Brand ((72) p. 157) reports instances in which the vacuoles only 
appeared after the surface had been reached. There is much to be said 
for the view that the vacuoles normally develop at the bottom under 
anaerobic conditions, and that, as a result of the buoyancy thus ac- 
quired, the forms in question float to the surface. It is not clear 
whether material possessed of pseudo-vacuoles is actually in a healthy 
condition and whether cell-division continues, but the gradual 
disappearance of the vacuoles in the ripening akinetes shows that the 
condition is reversible (cf. (241) p. 18 1). 

Centroplasm (Central Body) 

The centroplasm has been investigated by many different botanists, 
since Schmitz ((536) p. 355). first distinguished the two regions of the 
protoplast, and vei;y diverse interpretations of its structure and 
nature have been reached. It is impossible to discuss the older work^ 
or the numerous controversies on matters of detail, and this account 
deals essentially with the present position of our knowledge. Repre- 
sentatives of practically all groups have been examined, both in the 
living and stained condition, and diverse investigators have used 
microtome-sections. A striking feature of these researches is the 
diversity of results obtained, often by one and the same worker with 
different species (cf. (142), (229), (558)), and it is difficult to avoid the im- 
pression that part at least of the material examined was not in a normal 
condition and that imperfect fixation, resulting from very unequal 
rapidity of penetration of the reagent, may be responsible for many of 
the configurations observed. No one has so far worked with pure 
material under controlled conditions of culture, although Gardner 

^ See the accounts in (17) p. 54, (185), (300), (350), (455) p. 10, (473) p. 240, (637) 
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((229) p. 275) states that he investigated the effect of desiccation, of 
changes in concentration of the medium, etc. without observing any 
differences in cell-structure. 

It has long been known that the central body can be stained in the 
living alga with a dilute (o*oi %) aqueous solution of methylene blu^e 
(also methjl violet or cresyl blue), but according to Prat ((487), (491) 
p. 147) this IS only “true' of healthy material. The central body in 
starved, yellow-coloured material (p. 782) will not stain with methy- 
lene blue (cf. also (17) p. loi), although it regains that capacity when 
revived by growth in nutrient solutions ; if the latter are concentrated, 
the intensity of coloration is correspondingly deep. In marine 
Cyanophyceae coloration of the central body is sometimes difficult 
(494), perhaps owing tO the action of the electrolytes in the water. 
According to Guilliermond ((279), (280) p. 138, (283); cf. also (98), (108), 
(269)) staining is always largely a post-vital phenomenon. 

He employed (cf. also (20)) very dilute solutions of neutral red or 
cresyl blue, which after some little time led to the appearance of 
minute bodies, coloured red-violet with the blue stain, within the 
peripheral cytoplasm adjoining the central body (fig. 301 A, E, m). 
These bodies are regarded as vacuoles, rendered visible by staining 
and assumed to contain a concentrated colloidal solution of meta- 
cfixomatin ; they are possibly due to the action of the stain ((233) p.711). 
The slight dwelling of the vacuoles (fig. 301 B, F, m) under the in- 
fluence of the reagent gives the peripheral cytoplasm an alveolar ap- 
pearance. At a slightly later stage the central body takes up the stain 
(fig. 301 C, D, G, ce) and, as this happens, the surrounding vacuoles 
decolorise and more or less numerous metachromatic corpuscles 
appear around or within (cf. however (145) p. 85) the central body 
(fig. 301 H, m) ; these are assumed to be formed by precipitation of the 
metachromatin of the vacuole^. According to Guilliermond^s inter- 
pretation the metachromatin granules are thus not preformed struc- 
tures, and Palla ((458) p. 535) seems to have arrived at a somewhat 
similar conclusion. This point of view has been criticised by other 
investigators ((308) p. 173, (309), (482) p. 29), who contend that the 
granules are visible before fixation or staining. 

The most characteristic property of the metachromatin granules^ 
is that they assume a red colour with various blue or violet dyes 
(methylene blue, haematoxylin, etc., (87) p. 19, (276) p. 392, (277)). 
After fixation they readily take up various “ nuclear ” stains and have 
as a result frequently been confused with chromatin. They are be- 
lieved to consist of nucleic acid combined with an organic base (411), 

^ “Rote Korner” of Biitschli; chromatin vesicles of Phillips ((473) p. 283); 
chromatin granules and slime globules of Olive ((45s) pp. 18, 34); chromatin 
grains of Nadson; “ Schleimvacuolen’* of Hegler ((300) p. 307); “Schleim- 
kugeln” of Palla ((458) p. 532); central granules of Zacharias; a-granules of 
Gardner; volutin of Meyer; epiplasts of Baumgaertel. 
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being scanty or absent in material grown in solutions devoid of phos- 
phorus ((491) p. 152, (644) p. 40; cf. however (482) p. 39). They are 
stated to be lacking in mature akinetes(i6o) and sometimes also in cells 
which are actively dividing ((636) p. 51). They are usually regarded as 
non-living reserve-material. 

There is considerable evidence, however, that the centroplasm also 
includes substances closely resembling true chromatin (cf. (415)). 
This had often been asserted (cf. e.g. (350) p. 122, (401) p. 462, (572) 
p. 624, (636) p. 50, (644) p. 36), but was first clearly established (482) by 
the employment of Feulgen^s nucleal reaction (cf. also (14s) p. 79, (472), 



Fig. 301. A-C, Phormidium favosurn (Bory) Gom. and E-G, P. Retssii (Ag.) 
Gom., progressive stages of vital staining with methylene blue. D, Schizo- 
thrix Mtilleri Naeg., late stage of vital staining with methylene blue. H, Oscil- 
latoria tenuis Ag., stained with methylene blue, ce, centroplasm; ch^ chro- 
matoplasm; m, metachromatin granules, (H after Poljansky and Petru- 
schewsky; the rest after Guilliermond.) 

(558) p. 260), which does not stain metachromatin. The chromatic 
substance is probably lodged in the cytoplasmic lamellae between the 
alve^ of the centroplasr rL,whic h_ are stated to be occupied mainly by 
glycoprotein s ((17) p. 128), p ossibly wjth some chromatin . It is this 
complex that gives such varied appearances in fixed and stained 
material. Many workers^ represent a structure, whidh ^resembles a 
sponge or thre e-dim e nsional network a nd is not unlike the chromatin 
reticulum observable in true nuclei (fig. 302 C, D, L, N, S, c)\ thisjs 
embedded in an achromatic g roiind-Avork._ Another frequently re- 
ported condition is that shown in fig. 302 H, I, wjiere the central body 
contains a number of longitudinally arranged, deeply staining rods 
^ Cf. (80), (233) p. 71 (276) p. 453, (299) p. 181, (383), (455), (ss 8 ) p. 227, (603). 
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traversing a considerable part of the cell (cf. (142) p. 159, (229) p. 268, 
(350) p. 173, (473) p. 296, (558) p. 251). In Spiriilina versicolor 
Delaporte (650) shows a continuous thread, extending through the entire 
length of the individual. Other investigators have, however, only 
observed granular inclusions in the centroplasm. How far these 
diverse appearances are due to staining of the matter in the alveoli 
or of that in the intervening cytoplasm is not clear. 

In the apical and underlying cells of Stigonema mamillosum (fig. 
302 G, c) Spearing ((ssS) p. 227) distinguishes deeply staining granules 
of varied size which are joined by delicate, branched and anastomosing, 
threads to form a reticulum with large meshes ; this is embedded in 
homogeneous cytoplasm resembling that occupying the periphery of 
the cell (cf. also fig. 302 A-C, c and (299) p. 180). In the older parts 
(%• 302 L) the chromatic reticulum spreads through the whole proto- 
plast; much the same is reported by Guilliermond ((276) p. 408) in 
Scytonema. Such features, as well as the absence of a bounding mem- 
Jbr^e and o£definite niicleiji, render any comparison oF the structure 
concerned with the nuclei of other Algae impossible ; Guilliermond 
((276) p. 459) draws attention to the resemblance to the chromidial 
apparatus of certain Protozoa. In akinetes, where the centroplasm is 
rather ill-defined, the chromatic substance is less distinct, although 
possibly only obscured by the abundant granular inclusions. 

The absence of a bounding membrane has been ascribed to the 
frequency of cell-division ((280) p. 185). The occasional records of its 
presence ((455) p. 27, (558) p. 248, (565) p. 94, (603) p. 405) are based on 
inconclusive evidence. Nucleolus-like bodies, in the form of large 
deeply staining granules, have been frequently reported ((89) p. 65, (276) 
p. 406, (280) p. 144, (411) p. 138, (423) p. 88, (559) p. 372, (622) p. 244, (634) 
P* (32), (63s) p. 27). In Stigonema Spearing ((558) p. 230) observed their 
occasional connection to the reticulum by means of a fine thread (fig. 
302 O, n). Guilliermond compares them to protein crystalloids. Such 
structures are, however, quite inconstant in occurrence, even in neigh- 
bouring cells (fig. 302 G) of filamentous forms, and are perhaps nothing 
more than specially differentiated metachromatin granules ((299) p. 178, 
(558) p. 243). These last often vary considerably in size ((149) p. 192) and 
sometimes exhibit differentiation into a peripheral shell and a central 
portion so that they appear hollow ((17) p. 130, (89) p. 67, (160), (229) 
p. 271, (401) p. 466, (473) p. 282, (482) p. 28, (491) p. 150). Such granules 
are probably equivalent to the nucleosomes of Hollande (fig. 302 P, nu ; 
(308) p. 175), which are interpreted as the true nuclei and which are stated 
to multiply by division. Acton (i) believed she had found among 
Chroococcales a transition from a very ill-defined centroplasm 
{Chroococcus turgidus) to a definitely circumscribed central body 
(Merismopedia elegans). Her Chroococcus macrococcus, in which a definite 
nucleus was recorded, is one of the Dinophyceae ((246) p. 223). 

The ^entroplasm ha s been regarded merely as a regjon filled with- 
reserye::sub^^ (4,1) p. 124, (491)). Fischer ((186) p. 68) in 
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Fig. 302. Cell-structure of Myxophyceae. A-C, Anahaena circinalis Rabenh. ; 
A, B in longitudinal, C in transverse section. D-F, Oscillatoria tenuis Ag., 
cell-division. G, L, O, Stigonema mamillosmn (Lyngb.) Ag. ; G, apex of a 
branch in longitudinal section, the lowest cell in process of .division; L, trans- 
verse section just behind the apex, the upper cell about to divide (5^); 

O, a pericentral cell. H, I, Oscillatoria sp. J, K, Phormidium favosum (Bory) 
Gom. M, Aphanothece prasina A. Br. N, Q, Spirulina Jenneri (Stiz.) Geitl. 

P, Phormidium uncinatum Gom. R, Tolypothrix tenuis Kiitz. S, Gloeotrichia 
intermedia (Lemm.) Geitl., at * the centroplasm is dividing, c, chromatin; 
chy chromatoplasm; cy, cyanophycin granules; n, nucleolus-like bodies; 
nUy “ nucleosomes ” ; p, pit-connection; s, mucilage-envelope; se, septa; 
su, “ cyanophilous bodies”. (A-C after Haupt; J, K after Guilliermond ; M 
after Acton; N, Q-S after Poljansky and Petruschewsky ; P after Hollande; 
the rest after Spearing.) 






780 MYXOPHYCEAE (cYANOPHYCEAE) 

particular was of the opinion that the special structures recognised 
in the central body, and visible according to him even in living 
material as white glistening masses, were food-reserves of the nature 
of car bohydrates to which he gave the name anabaenin. While the 
presence^of carbohydrates is very doubtful, th e occurr enccLof VQlutli3= 
(metachromatin) and occasionally of com£Ounds^of_ glycogen in the 
centroplasm also indicates a possible^^tomgSlIunctSnr Alexeieff ((3) 
p. 429) regards the central body as a chondriome, while Dangeard 
(133) interprets it as vacuome. 

The presence of chromatin and the frequent sharp definition of the 
central body, especially in young cells, on the other hand, suggest the 
possession of other functions than merely that of food-storage. The 
central body often commences to divide before the ingrowing 
septum reaches it (cf: (299) p. 182, (sss) p. 235; fig. 302 K, S*); 
especially where tfie former displays a number of Ipngitudinal rods, 
their transverse division (fig. 302 H, I) has'commonly been recorded 
(cf. also (280) p. 183). These facts imply a certain degree of indi- 
viduality on the part of the centroplasm. Gardner emphasises that, in 
Dermocarpa^ each endospore receives a part of the central body. On 
the other hand those ((80), (90), (142), (229) p. 265, (300) p. 330, (350), (383), 
(455), (473) p. 295, (545)), who believe they have recognised chromosomes 
and even spindle-fibres, furnish unsatisfactory supporting evidence 
and have probably been misled by the desire to homologise the 
phenomena observed with those established for true nuclei. 

It is clear that the cell-structure of Myxophyceae cannot be directly 
compared with that of other plants (except for certain groups of 
Bacteria, see p. 860) and that, although the centroplasm appears to 
possess some nuclear characteristics, it differs in many respects from 
a true nucleus. Designations like incipient nucleus'* ((615) p. 7) or 
‘‘open nucleus*’ ((17) p. 136) are unsatisfactory, because there is no 
evidence that the structure in question has any direct connection with 
a true nucleus. The Myxophyceae probably constitute a blind line 
with a long previous history (cf. (236) p. 417, (242) p. 237), and their 
cell-structure must have been evolved prior to the establishment 
of typical cell-differentiation; it must remain doubtful, however, 
whether, in the attainment of the latter, stages comparable to those 
found in existing Myxophyceae were necessarily realised. 

The Chromatoplasm and its Pigments 

The pigmented region of the protoplast is of practically uniform 
thickness throughout in most Chroococcales, whilst in the filamentous 
forms it is usually appreciably thicker along the sides of the cells than 
over the septa, where indeed it would appear sometimes to be alto- 
gether lacking at times of rapid cell-division ((185) p. 25). The boun- 
dary between chromato- and centroplasm is often ill-defined, while 
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the former appears to extend up to the cell-membrane. This indicates 
that it cannot be compared with the chromatophores of other Algae.^ 

The occurrence of a narrow peripheral zone of unpigmented cyto- 
plasm has been inferred ((185) p. 25) or affirmed ((303) p. 475, (36s) p. 530, 
(473) p. 325) without adequate evidence. This is also true of the state- 
ments as to a differentiation of the chromatoplasm into an outer pig- 
mented and an inner colourless zone ((383) p. 422, (458) p. 554; cf. (17) 
p. 93, (558) p. 240). 

The photosynthetic pigments are either assumed to be equally dif- 
fused throughout the chromatoplasm ((276) p. 453, (280) p. 135, (455) 
p. 15) or contained in minute vesicles ((17) p. 94, (299) p. 186, (398) p. 135, 
(401) p. 472, (603)). Others have arrived at the conclusion that some or 
all of the pigments are lodged in minute granules ((303) p. 474,, (307) 
p. 160, (458) p. 529), which have even been regarded ((300) p. 286, (351) 
p. 2) as actual chromatophores (cyanoplasts). In view of the numerous 
granules present in the protoplast, mistakep impressions are easily 
obtained and, until there is clear evidence to the contrary, the pigments 
are best regarded as diffused. The double refraction exhibited by the 
chromatoplasm has been studied by Becker (19), while Gicklhorn (257) 
deals with the special optical phenomena (bluish sheen in reflected 
light) exhibited by certain yellow-coloured sapropelic Oscillatorias. 

The pigments comprise chlorophy ll ((112) p. 14), ^ otenes ((185), 
(367) p. 532, {368) p. 50, (574) p. 240, (587), (643)), xanthophyll ((94) 
p. 102, (371) p. 15), the b lue-green phycocyanin , and a ^d pigment^ 
similar to the phycoerythrin of Rhodophvceae. The amount of 
chlorophyll is stated to be approximately J of that found in marine 
Phanerogams (400) ; chlorophyll b appears to be lacking ( (370) p. 2, (sso) 
p. 505 ; cf. however (655)). A carotenoid pigment (myoxanthin\ with a 
single absorption band, has' recently been reported (94,301) which 
Kylin regards as allied to calorhodin. The latter ((368) p. 52, (370) p. 3, 
(371) p. 12) recognisesi four carotenoid pigments (c arotene, calorhodin a 
and myxorhodin) ; myxorhodin is identical with the phycoxanthin 
of earlier workers ((364) p. 26, (556) p. 457). 

Several kinds of phycocyanin have been distinguished ((366), (367) 
P- 533> <368) p. 433, (369) p. 5, (418) p. 807, (420) ; cf. also (134), (13s)). More 
recently it has been concluded ((40 p. 188, (370) p. 8) that some of those 
recognised in Myxophyceae are probably mixtures of phycocyanin 
and phycoerythrin and that the blue-green modification is probably 
alone present (cf. (70), (571) and p. 407). This, which has a maximum 
absorption between the lines C and D (fig. 140 C), is responsible for 
the prevalent blue-green coloration. It is soluble in water containing 
traces of alkali or of a neutral salt and is readily extracted with chloro- 
form-water ((350) p. 77). Lloyd ((398) p. 132) ascribes the fluorescence 
of Blue-green Algae to the phycocyanin. 

^ Some of the older accounts (143, 648) describing a differentiated chromato- 
phore are no doubt a result of examination with imperfect optical equipment. 
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The phycoerythrin of most Myxophyceae differs from that of 
Rhodophyceae ((39) p. 98, (40) p. 27, (40 p. 195, (369) p. 4) in the rose- 
red colour of the aqueous solution and in the possession of but one 
absorption-band, located in the green part of the spectrum (fig. 140 B). 
Wille’s ((626) p. 190) record of Floridean phycoerythrin in Phormidium 
persicinum is open to doubt (cf. (135), (370) p. 9), while the exact nature 
of the red pigments extracted by Bocat (3O from a red-coloured 
Oscillatoria Cortiana and by Teodoresco ((578) p. 148) from Nostoc 
commune is still in question; Wille regarded the former as identical 
with the phycoerythrin of Florideae. It would thus appear that to 
date only one phyocycanin and one phycoerythrin are definitely 
known to occur in Blue-green Algae. According to Boresch ((39) 
p. 97) a rough separation of the two pigments can be effected by 
repeated filtration of the solution through the same filter paper. Most 
of the phycoerythrin remains upon the latter, while the ultimate 
filtrate mainly contains phycocyanin. 

The variety of tints exhibited by different species, and also in some 
instances by the same species under different circumstances (p. 784), 
are due to the diverse proportions in which the two pigments occur 
((41), (367) p. 539, (370) p. 8 ). A considerable number of species are 
stated to contain phycoqy^mfn only (e.g. OscillcUoria tenuis y O.formosUy 
Phormidjjjim uncinatUMy Lyngbya aestuarii), while others (O. limosUy 
O. amoenUy Lyngbya aerugineo-coerulea) possess both pigments or 
{Phormidium Ectocarpiy P. luridum var. violaceum. Hydrocoleus gluti- 
nosusy Microcystis minuta) phycoerythrin alone, ^lue or blue-green 
forms may in general be suspected of having Thycocyamn only, red 
ones phycoerythrin only, while violet tints in ji ^te the probable pre- 
senc e^of both ((41) p. 200, (370) p. 10). Colorations other than blue- 
green are, however, often due to the presence of special pigments in 
the sheaths (p. 796). 

Diverse Myxophyceae are able to form chlorophyll in darkness 
((36) p. 155, (81), (176), (523)). The accessory pigments readily decom- 
pose in strong light ((40) p. 52, (146) p. 278, (291) p. 224, (433) p. 141, 
(si 6)), while in the dark phycocyanin decomposes more easily than 
phycoerythrin ((40) p. 44, (41) p. 184). Strong illumination brings the 
yellow colouring matters to the front, and a similar colour change 
results from a paucity of nutritive salts and especially from nitrogen- 
(nitrogen-chlorosis of Boresch) and phosphorus-deficiency ((3s), (36), 
(37) p. 28, (402) p. 453, (405), (496), (523)). Such changes ultimately lead 
to death but, within a certain limit of time, addition of suitable 
mineral salts results in recovery. According to Boresch (36) not only 
nitrates, but also oxygen, are necessary for the formation of the 
accessory pigments in such yellow-coloured material, from which he 
concludes that oxidative processes are involved. The yellowing due to 
strong light is probably an indirect effect, resulting from acceleration 
of the uptake of mineral substances ((523) p. 572). 
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The effects of nitrogen-deficiency can also be manifested in natural 
habitats (360, 561). Borgstrom (43), recording an unusual water-flower 
due to Microcystis aeruginosa in an oligotrophic lake, ascribes the 
yellow colour of the alga to nitrogen- deficiency. Geitler ((250) p. 8) 
points out that the terminal cells of many filamentous Myxophyceae 
exhibit a yellow tint, only the older cells possessing the colour typical 
of the species. 

Similar colour-changes may also result from lack of iron ((38), {516) 
p. 253), although red-violet tints persist longer than under conditions 
of nitrogen-deficiency. Manganese and chromium sulphates can re- 
place iron in bringing about the reversal of such colour-changes (42). 

Chromatic Adaptation 

Engelmann ((164) p. 7) concluded that the maximum photosynthesis 
of Blue-green Algae takes place in the yellow part of the spectrum. 
Gaidukov (221-3, 226) first showed that certain Oscillatorias take on a 
colour complementary to that of the light to which they are exposed ; 
in a form of O. sancta (221) he obtained green shades in red, blue-green 
ones in yellow-brown, reddish tints in green, and brownish yellow 
ones in blue light. In a stratum of Phormidium tenue illuminated by 
a spectrum ((226a), (227) p. 359), the parts within the range of the 
green-violet rays assumed a yellowish colour, while the rest remained 
blue-green. While these results are in part to be ascribed to other 
causes (nitrogen-deficiency, use of impure colour-screens and of light 
of variable energy-value, cf. (40) p. 22), there can be no doubt as to the 
existence of a capacity for chromatic adaptation in certain Myxo- 
phyceae. Similar phenomena, based on more accurate investigations, 
have since been recorded, mainly in Oscillatoriaceae, but also in some 
Nostocaceae ((40), (294), (29s) p- 3 1 1, (570)). At the same time it is evident 
that this capacity is restricted to certain species ((37) p. 27, (40) p. 18, 
(348), (496) p. 87, (S16) p. 253, (523) p. 572, (644) p. 39). 

Boresch ((40) p. ii) used agar cultures of Phormidium {laminosum ?), 
previously subjected to nitrogen-starvation, but resupplied with nitrate 
prior to illumination by a spectrum. After two days’ exposure he ob- 
tained results similar to those of Gaidukov with P. tenuCy but from the 
fifth day onwards a brownish-red to violet colour appeared in the green 
and by degrees extended up to the blue part of the spectrum ; the blue- 
green and violet bands were sharply delimited. Reversal of the inci- 
dence of the coloured light, by turning the culture-dish through 180°, 
resulted, after 5 days, in the appearance of a green area in the brown- 
violet strip, now exposed to orange and red rays, although no other 
change was observed. Similar results were obtained with non- 
chlorotic material, but not with the dead alga or with extracts of the 
pigments. In Lyngbya versicolor Dangeard (130) records a colour-change 
to green only in red (and infra-red) rays, while over the rest of the 
spectrum the normal orange-yellow colour persists. 
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Boresch ((37) p. 36, (40) p. 38) concludes that the observed colour- 
changes are caused by variations in the amounts of the accessory pig- 
ments, exposure to red light increasing the amount of phycocyanin ; 
he could find no relation between the quantity of chlorophyll and yellow 
pigments and the wave-length of the incident light. Kylin ((367) p. 540 ; 
cf. also (224) p. 27) had previously suggested that chromatic adaptation 
was due to alterations in the amounts of the different pigments present 
and supports ((370) p. 17) the view of Boresch ((40) p. 46) that such 
adaptation is only possible in species possessing both phycocyanin and 
phycoerythrin. 

It is a wel^known fact that th^colour of diverse Cyanophyceae is 
related to th^i ptensity of the light towhich they are exposed (433), and 
in Gloeocapsa montana (516) tn^ is true no matter what the wave- 
length of the light. Kylin ((370) p. 18) records how marine Plec- 
tonemas from the Calothrix-h^Xt vary in colour according to the 
distance they are placed from a window. Experiments of this kind, 
coupled with observation of such Algae in their natural habitats, has 
aroused in many minds a scepticism as to the existence of chromatic 
adaptation and has led to the view that the varied tints of Myxo- 
phyceae are largely a result of exposure to differing light-intensity 
((294) p. 3 ^> (457) p. 385, (521)); Kylin points out in this connection that, 
since the experiments of Boresch and Gaidukov were not conducted 
with light of constant intensity, they afford no direct proof of chro- 
matic adaptation. 

Abundant records show that Blue-green Algae inhabiting deep 
water commonly possess a red or violet coloration;^ this has been 
reported in Chroococcales, Chamaesiphonales, and Oscillatoriaceae. 
Similar tints may appear in forms growing in shade ((172) p. 45, (197), 
(220) p. 238, (560) p. 40) or even in relatively shallow waters (83). The 
red Trichodesmium erythraeum Ehrenb., the occasional abundance' of 
which in the plankton has given the name to the Red Sea, is probably 
a bottom-living form which periodically floats to the surface (180). 
The red individuals found in deep water are, however, commonly 
associated with others of a normal blue-green tint ((261) p. 510), and 
Sauvageau (521) reports that such communities retain their distinctive 
colours for several months even at the surface, so that they appear to 
constitute separate strains. Gaidukov ((221) p. 31, (222), p. 487, (225) 
p. 102; cf. also (570) p. 49) concluded that the colour, acquired by 
subjection to monochromatic light, not only persisted during subse- 
quent exposure to white light, but was maintained in all the offspring. 
This has not been confirmed by others ((40) p. 58, (295) p. 306). 
The observations on deep-water Myxophyceae, however, seem to 
imply that, while the capacity for colour-change varies, a red colour 


^ See (i8i), (22s) p. 98, (238) p. 688, (245) p. 98, ^261) p. 510, (370) p. 14, (462), 

(S 2 l), (640) p. 16. 
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may be retained in certain forms even under normal illumination 
(cf. also (370) p. 14). 

Harder ((294) p. 29), investigating chromatic adaptation in unialgal 
cultures of Phormidium (foveolarum ?), found that the monochromatic 
light must be of a certain intensity to 
bring about the colour-change which 
is similar to that observed by Boresch ; 
he established, moreover, that the 
change is effected the more rapidly 
the stronger the illumination. Using 
light of known energy-value, he 
found ((29s) p. 326) that the amount 
of photosynthesis (as measured by 
oxygen-production) depends on the 
d|ght-d ntens^\to which the material 
lias ^eviousl^een exposed, irrespec- 
tive of the colour of the light used 
during this previous treatment or 
during the actual experiment. By a 
suitable choice of the former' and 
latter, it is even possible in chro- 
matically adapted material to obtain 
maximum photosynthesis in light of 
the identical colour ((295) p. 331). 

Adaptation to light of different 
strengths may therefore under certain 
circumstances altogether " obscure 
adaptation to colour. ' Material reared 
in blue, red, and white light of the 
same intensity, however, always 
shows maximum photosynthesis ‘in 
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Fig- 303. Photosynthesis, as 
measured by oxygen-output, of 
light complementary to the colour of Phormidium sp. in blue, red, and 
the alga ; that is to say, photosynthesis white light. W = material reared 
of red-light material is stronger in rpd, ^ ^ material reared 

that of blue-hght material stronger m ^lue light. The continuous line in 
blue light, than in that of any other each graph shows the photo- 
colour (fig. 303). As in Brown and synthesis in weak, the interrupted 
Red Algae, sun- and shade-forms strong light. (After 

must therefore be distinguished 

among Myxophyceae ; the former, no matter what their colour, 
photosynthesise better in strong than in weak light, while in shade- 
plants the reverse is true (cf. p. 407). 

According to Boresch ((40) p. 41) the maximum absorption of light 
by the accessory pigments takes place in those wave-lengths, which 
are probably specially concerned in accelerating the production of the 
pigments, and the proportions in which the latter occur are related 
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to their absorption-curves. Forms, possessing a colour comple- 
mentary to that of the incident light, will thus secure a greater 
absorption of available rays (cf. also (30)). Boresch, like Engelmann 
(165), postulates a direct role of th e, accessory pigments in j)hotosvn, - 
tjiesi^ and Harder’s experiments lend support to this view. The ad- 
vantage of red coloration in deep-water forms would then be clear. 
The frequent occurrence of red forms amid algal wefts near the 
surface may be related to their receiving essentially green light ((40) 
p. 46, (29s) p. 348); moreover, even where there is white light of low 
intensity, the presence of the accessory pigments would admit of a 
better utilisation of that which is available. 

According to Dangeard ((129), (131), (132) p. 125) multiplication of 
Myxophyceae takes place only in red-orange (inch infra-red) light, 
while the effect of other parts of the spectrum is similar to that of dark- 
ness. This is disproved by Harder’s experiments. Teodoresco ((579) 
pp. 300, 365) also established development in all parts of the visible 
spectrum in strong light, although it is more marked in the red and, 
as the intensity is reduced, alone persists there. 

It may be concluded that the capacity for colour-change in Myxo- 
phyceae is limited to certain forms and that such changes may be due 
to diverse factors. fLight-intensity ev idently plays a considerable r6le, 
but in some forms, probably especially or solely those possessing both 
phycoerythrin and phycocyanin, adjustment to the cplour of the light 
is also possible. The numerous red-coloured forms among deep- 
water Myxophyceae may owe their origin to such adjustment, but in 
many the acquired pigmentation seems to have become permanent 
(cf. also (525) p. 347). The capacity for adjustment to light of 
different intensity and colour means that Blue-green Algae are 
better adapted than other plants to utilise all' thiTavSab l e light an T 
this, combined with other characteristics, may be responsible for 
their ubiqmtous occurren ce in all kinds of terrestrial and aquatic 
habitats. 


The Products of Photosynthesis 

The first evident product of photosynthesis is glycogen ((186) p. 65, 
(229) p. 275, (300) p. 290, (350) p. 84, (636) p. 67), which, according to 
some authorities ((17) p. 97, (482) p. 33), is immediately converted into 
glycoproteins. The glycogen is located in the chromatoplasm and is 
the cause of the brown coloration with iodine. Payen ((466) p. 90) 
believes he has established the presence of trehalose in Rivularia 
bullata and Calothrix pulvinata. Minute drops of fat have often also 
been reported. 

The most conspicuous bodies in the peripheral cytoplasm are the 
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cyanophycin granuleSy^ which are probably a type of protein-reserve. 
They are rounded (fig. 302 A-C, cy) or more commonly angular and 
usually of small dimensions. Specially conspicuous crystalloids (fig. 304 
N, cr), presumably composed of the same or similar proteinaceous 
substances, have occasionally been recorded ((160), (303) p. 482, (558) 
p. 244, (649) p. 265). The cyanophycin granules are readily dis- 
tinguished from the metachromatin (volutin) granules by the fact 
that they are not stained by methylene blue and that they are soluble 
in dilute acids (cf. also (491) p. 145). They also stain with carmine and 
readily take up neutral red from a dilute aqueous solution, which 
leaves the other cell-contents unaffected ((17) p. 134, (299) p. 187). 
Cyanophycin granules would seem occasionally to occur also in the 
centroplasm ((loi), (558) p. 231). 

It is almost generally accepted that the cyanophycin granules 
represent a reserve-substance. This is supported by their gradual 
disappearance in darkness and their marked accumulation within 
akinetes and within the hormogonia of certain forms. They are con- 
sumed during active cell-division and are lacking in the apical cells of 
Stigonema (cf. fig. 335 J ; (247) p. 405). Baumgaertel (17) concluded that 
they accumulate when conditions are unfavourable to rapid photo- 
synthesis. It is not known whether there is any relation between 
cyanophycin and metachromatin, but many regard the latter as 
another form of food-reserve. The enzymes of Myxophyceae have 
not so far been adequately investigated. 

Other types of cell-inclusions are of occasional occurrence. Minute 
doubly refractive crystals have been reported in the chromatoplasm of 
a Dactylococcopsis ((249) p. 289), while crystals of gypsum have also been 
recorded (160). Sulphur-droplets occur in the cells of Blue-green Algae 
growing in waters rich in sulphides ((305), (441); cf. also (442)). 

The Cell-membrane 

The immediate envelope of the cell, which can sometimes be sepa- 
rated from the protoplast by mere pressure ((62) p. 327, (263)), is 
usually, and especially in the filamentous types, distinguishable into 
two layers ((207) p. 195; cfy also (36s), (393) p. i, (ss 9 ) p. 371), the inmr 
investment (“Hautschicht*' of Lemmermann; “ plasmatische Grenz- 
haut of Krenner ; fig. 304 A, C, i) and the cell -shea th (“ Wandschicht 
of Lemmermann, fig. 304 A, C, cs) ; the latter is densely stained by 
iodine. The former always completely envelops the protoplast. In 
Chroococcales this is also true of the cell-sheath (fig. 304 J, cs)y but 

^ “Farblose Korner^’ of Biitschli; “ Reservekorner ” of Nadson; “Schleim- 
kugeln” of Palla and Schmitz; p granules of Gardner; ectoplasts of Baum- 
gaertel ; slime-balls of Phillips. Cyanophycin granules are stated to be lacking 
in Spirulina ((149) p. 193, (264) p. 273, (300) p. 293, (350) p. 37). For the literature 
on cyanophycin granules, see (185) p. 35, (i86) p. 113, (236) p. 414, (247) p. 405, 
(280) p. 135, (300) p. 292, (303) p. 481, (509) p. 535» (63s) p. 26, (636) p. 57. 
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in the filamentous types the latter forms a cylindrical envelope, vv^hich 
I is either continuous {Oscillatoria^ fig. 304 C, cs; (207) p. 204, (36s) 
p. 531) or commonly interrupted between consecutive cells (fig. 304 
A, cs; cf. also (26) p. 117, (241) p. 193). The septa (fig. 304 A-C, /), 
composed only of the inner investment, are often exceedingly delicate. 
It remains doubtful whether the cell-sheath is present in all Chroococ- 
cales (cf. also (71 ) p. 227), especially where the cells are embedded in 
copious mucilage. The majority of workers have failed to distinguish 
clearly between the two layers of the envelope and most of the 
statements in the literature probably refer to the cell-sheath. The 
cell-membranes of Pleurocapsales ((250) p. 26) appear to be more like 
those of other filamentous Algae, the septa and longitudinal walls 
often being of equal thickness. 

The nature of the inner investment remains obscure, but it may 
well be but a slightly modified plasmatic membrane ((207) p. 196; cf. 
also (36s), (426) p. 170, (427) p. 219, (428) p. 17, (429) p. 317) which is 
firmly connected with the underlying cytoplasm ((108) p. 527). Its 
frequent failure to separate from the protoplast during plasmolysis 
has already been mentioned (p. 771); sometimes therejs detachment 
on the longitudinal, but not on the transverse. walls ((529) p. 585). In 
certain Oscillatorias ((241) p. 184, (427) p. 217, (529) p. 582) one or two 
annular ridges project inwards from the longitudinal walls in all but 
the terminal cells ; they appear to* be part of the protoplast, although 
intimately joined to the membrane, since when the former separates 
from the latter in 'plasmolysis they withdraw with it. Their function is 
problematical, but they emphasise the intimate connection between 
the protoplast and the inner investment. Miihldorf ((429) p. 324) 
believes that they serve as a mechanical support to the latter. 

The cell-sheath appears to be a firmer portion of the mucilage- 
envelope or may, as in Oscillatoria (fig. 304 C) and other members 
of its family, largely compose it. Its chemical nature is uncertain. 
It has been regarded as consisting chiefly of pectic substances, but 
according to some ((407) p. 259, (459), (460), (473) p. 279) these are always 
accompanied by cellulose; others ((365) p. 539, (s9s) p. 183) state that 
hemicelluloses are present, while Gomont ((263) p. 21 1) concluded 
that it showed many resemblances to fungal membranes, although 
more resistant to acids. All recent workers ((259) p. 311, (347) p. 532, 
(407) p. 261) deny the presence of chitin. The cell-membranes of 
Pleurocapsales (especially Hyella) are stated ((428) p. 20) to contain 
cellulose. 

The membrane, especially in Nostocales, shows marked extensibility 
((115) p. 141, (353), (530) p. 380, (594) p. 298, (644) p. 44), a feature also seen 
in Beggiatoa ((304) p. 188, (51s) p. ii). The spirals of a Spirulina can be 
drawn out until the thread is almost straight, but take on their previous 
form when the tension is released. In this connection the frequent 




f'ig* 304* Cell-membranes and pit-connections of Myxophyceae. A, B, 
Anabaena sp.; A, part of a trichome stained with iodine, the terminal cell at 
the base; B, the same unstained. C, Oscillatoria sp. D, F, Stigonema ocel- 
latum (Dillw.) Thur., pit-connections. E, Tolypothrix sp., small part of 
filament stained with iodine. G, H, T. lanata Wartm. ; G, part of a thread 
treated with hot carbol fuchsine; H, the same enlarged. I, Synechocystis 
sallensis Skuja, cell-division. J, Aphanocapsa sescianensis Fr^my. K-N, 
Stigonema mamillosum (Lyngb.) Ag., pit-connections; N, longitudinal section 
of mature part showing central cells (c) and part of one pericentral {pe). 
ce, centroplasm; chy chromatoplasm; cr, crystalloids; cSy cell-sheath; cy^ 
cyanophycin granules; </, disc in pit-connection; hy heterocyst; i, inner in- 
vestment ; py pit-connections ; r, chromatic ring ; Sy sheath ; t, septum. (A-C, 
E after Fritsch; D, F after West; G, H after Kohl; I after Skuja; J after 
Fr^my; the rest after Spearing.) 
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twining of the more delicate forms around the threads of broader species 
may be noted (cf. also (526) p. 357). 

The longitudinal walls of Oscillatoria have been described ((ns), (352) 
p. 427, (526) p. 374, (594) p. 299) as showing systems of spiral lines cross- 
ing one another at an acute angle, but others ((36s) p. 532) have failed 
to recognise such structures or regard them ((179) p. 349) as belonging 
to the thin mucilage-envelope that surrounds the cells. The presence 
of pores in the transverse and longitudinal walls ((473) p. 282, (529) p. 579) 
remains doubtful ((426) p. .172, (429) p. 323, (594) p. 298). Pores have also 
been described in the membrane of Synechococcus aeruginosus (470). 

In cell-division the septum arises as an annular ingrowth ((429) 
p. 318) which gradually cuts across the protoplast (figs. 302 A, B, D, 
E, J, se; 304 I), and, as already mentioned, the centroplasm com- 
monly begins to constrict before the septum reaches it (fig. 302 K, S). 
A thin layer of chromatoplasm is differentiated over the new end- 
wall. In certain Chroococcales constriction commences on one side 
of the cell, as in Gomphosphaeria aponinUy where it results in the 
frequent cordate form of the cells (fig. 312 K), and in Tetrapedia 
(fig. 312 G); according to Geitler ((241) p. 186) the centroplasm in 
these instances is excentric. In Nostocales the septum is formed only 
by the inner investment (fig. 304 C), while in Chroococcales (fig. 
304 J) the whole envelope becomes invaginated so that each daughter- 
cell is surrounded by cell-sheath and inner investment from the first 
(cf. also (118) p. 90). 1 In Nostocaceae the cell-sheath usually disappears 
opposite the septa (fig. 304 A), but how far this occurs in Scytone- 
mataceae and Rivulariaceae is not known. During the formation of 
akinetes in Nostocaceae, however, the cell-sheath becomes continuous 
over the ends (fig. 309 E, a; (207) p. 202), and this is probably also so 
in Rivulariaceae. A detailed investigation of these matters, as well as 
of cell-division in Pleurocapsales, is still outstanding. 

Ullrich ((595) p. 183) records certain differences between the septa 
and the longitudinal walls of Oscillatoria sancta, although it is not clear 
whether he refers to the inner investment or the cell-sheath. The septa 
show a greater degree of double refraction under crossed Nicols (cf. 
also (529) p. 600), dissolve more slowly in Eau de Javelle, and are not 
dissolved by cytase. According to Schmid ((530) p. 370) they exhibit a 
stronger coloration with basic dyes, although all walls colour uniformly 
with acid ones. 

In the filamentous forms many of the cells are usually in process of 
division (cf. (186) p. 1 15, (603)) and new septa may arise in cells which are 
not yet completely separated from one another; according to Olive 
((455) p. 24) zones of dividing cells are separated by non-dividing ones. 
Several of the end-cells in Oscillatoria usually lack the capacity for 
division. The threads often exhibit slight constrictions at variable 
intervals, where the septa are firmer and more defined ((529) p. 577) ; 
this segmentation is specially obvious after treatment with swelling 

^ See also p. 812 regarding Endonema. 
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reagents (chloral hydrate, concentrated chromic acid). Each segment is 
probably derived from the products of division of a single cell (cf. also 
(246) p. 906, (539) p. 105) and is capable of giving rise to a hormogonium. 
In many Scytonemataceae and Stigonemataceae growth of the threads 
is largely effected by an apical cell, although the segments undergo some 
further division; sometimes it is the subterminal cell that is specially 
active in division (328,329). 

In Stigonemataceae and certain Scytonemataceae ((350) p. loi) the 
septa are of considerable thickness and, in them, pit-connections (fig. 
304 D, G, p), analogous to those of Florideae, are recognisable. 
Protoplasmic continuity, usually by means of a single connecting 
strand, has frequently been claimed also in other Nostocales ((59), 
(473) p. 300, (529) p. 582, (592) p. 279), but such records are probably 
erroneous ((17) p. 140, (229) p. 274, (252), (426), (427) p. 223). As pointed 
out by the writer ((207) p. 196), the drawn-out intercellular portions 
of the extensible inner investment have no doubt often been mis- 
interpreted as protoplasmic connections. The probable semiplasmatic 
character of the septa in Nostocales, and perhaps also in Stigone- 
matales, will bring with it a great measure of protoplasmic continuity 
(427). There are no protoplasmic connections in Chroococcales, 
Chamaesiphonales, and Pleurocapsales ((250) p. 36, (428) p. 20). 

The pit-connections of Stigonemataceae appear as deep pits in the 
middle of the thick septa (fig. 304 D, p) and are often particularly 
conspicuous in soaked material of dried plants. In Stigonema they 
are recognisable only in the younger parts ((241) p. 194), and there is 
never more than one connection between any two cells (fig. 304 N,/)). 
Those of S. mamillosum ((ssS) p. 236) only become visible as the wall 
increases in thickness. Adjacent central cells are linked by large 
connections (fig. 304 D, />), while the surrounding cells are joined 
either with the central cell from which they have been formed or with 
one another (fig. 333 C). The arrangement differs in many respects 
from that characteristic of Rhodomelaceae (cf. p. 544), apart from the 
fact that successive pericentrals are never connected by secondary 
connections. 

The structures under discussion have been regarded as strands of 
cytoplasm which have not been severed by the ingrowing septum, 
although Wille ((622) p. 245) could not convince himself that there was 
any perforation of the separating wall. When stained a delicate ring 
(fig. 304 L) is seen encircling the connection, usually but not always 
(fig. 304 K, r) near its narrowest point; in other instances deeply 
staining discs (fig. 304 L, M, d)y usually one on either side, more or 
less completely block the connection. These incomplete data suggest 
a comparison with the similar structures of Florideae (p. 447). So 
far as present evidence goes, while the pit-connections of Stigo- 
nemataceae establish cytoplasmic contiguity, there is no proof of an 
actual linkage of protoplasts. 
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(b) MUCILAGE-ENVELOPES AND SHEATHS 

Practically all Myxophyceae are provided with mucilaginous invest- 
ments which are commonly more or less deeply pigmented. They 
show considerable differences in consistency, and are either homo- 
geneous or display more or less evident stratification. Such dif- 
ferences are in part related to environmental conditions and, especially 
among Chroococcales ((71), (166) p. iii, (172) p. 45, (312), (324) p. 649), 
one and the same species may possess a coloured and stratified sheath 
in a strongly illuminated, and a homogeneous and colourless one in 
a weakly illuminated, habitat, while during dry periods gelatinous 
sheaths contract and become coloured. 



Fig. 305. Planktonic Myxophyceae, mounted in sepia to show the homo- 
geneous mucilage enveloping the colonies or threads (after Naumann). 
Ay Microcystis aeruginosa Kutz. B, Anabaenaflos -aquae (Lyngb.) Br^b. (with 
akinetes). 

The usually soft and often diffluent envelopes of most Chroococ- 
cales (figs. 305 A; 31 1 F, I ; 312 D, I, L), as well as of many Nosto- 
caceae (figs. 305 B; 321 A) and Rivulariaceae (fig. 324 A, C), contrast 
markedly with the firm and mostly rather rigid sheaths of Lyngbya 
(%• 306 G) and most Scytonemataceae (fig. 325) inter alia. Despite 
the difference in consistency and ultimate appearance, the two are 
almost certainly homologous structures. The diffluent sheaths that go 
to form the expanded sheets of Phormidiumy in which the trichomes 
themselves often appear naked, are clearly equivalent to the firm 
sheaths of a Lyngbya, and in this genus, as well as in Scytonemataceae, 
there are all gradations between a thin and a thick and stratified 
sheath. 

The mode of origin of the mucilage is not yet clear. Geitler ((241) 
p. 192, (2so) p. 26) distinguishes that of Chroococcales, which is 
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assumed to arise by modification of the actual cell-membranes (cf. 
also (565) p. 36) from that of Nostocales and Stigonematales, which is 
supposed to- be excreted through the membrane, but it may be 
doubted whether the distinction is well founded (cf. also (429) p. 323). 
Diffluent mucilage-envelopes are found alike in Chroococcales 
{Aphanocapsa, Microcystis^ fig. 305 A) and Nostocales {Anabaena^ 
Nostoc, figs. 305 B; 321 A) and, in both, certain of the cells or tri- 
chomes may possess individual, and often well-defined, gelatinous 
investments, in Nostoc usually in the peripheral parts of the colonies 
(fig. 321 A, 5). The writer (cf. also (207) p. 201, (429) p. 333) inclines to 
the view that the mucilage is invariably excreted by or through the 
inner investment and that the layer last secreted functions as the 
momentary cell-sheath. The successively produced layers may either 
become progressively diffluent, leading to the production of an amor- 
phous mucilage, or (as in Gloeocapsa, fig. 3 1 1 B and many Nostocales, 
cf. fig. 306 G) may persist as discrete layers in a stratified sheath. This 
interpretation is hypothetical, but appears to agree with all the known 
facts. Fully developed heterocysts are incapable of forming such 
mucilage-envelopes (figs. 321 H; 324 A, F), which only surround 
them if the heterocysts were differentiated subsequent to the forma- 
tion of the sheath (cf. also fig. 306 E). 

The dubious nature of the pores through which mucilage-secretion 
is supposed to take place has already been referred to above. A fibrillar 
structure of the envelope in Nostocaceae ((288) p. 108, (346) p. 392, (542) 
p. 183), as well as in Coelosphaerium ((3^6), (542) p. 184), has occasionally 
been recorded; this of course suggests an excretion through pores, but 
might also be due to other causes. 

Bharadwaja ((27) p. 246, (28) p. 152; cf. also (114) p. 299, (288) p. 108, 
(329) p. 441) has studied the formation of the sheath in preserved 
material of Scytonemataceae and especially in terrestrial forms in 
which growth is periodic ; his conclusions require to be substantiated 
by the examination of living material. According to him, whenever a 
filament resumes growth after a period of rest, the elongating apex of 
the trichome (fig. 306 C) ruptures the closed end of the sheath (s) and, 
before or during its emergence, secretes a new hyaline lamella (ns) 
which extends back for a limited distance within the old sheath, some- 
times up to a heterocyst. The lamellae, formed by successive incre- 
ments, diverge from the trichome (fig. 306 B), but eventually lie 
closely juxtaposed and form the layers of the compound stratified 
sheath surrounding the older parts. When cell-division is rapid during 
periods of active growth, the successive lamellae are of appreciable 
length and appear parallel (fig. 306 A), while, when growth is slow, 
they constitute short strata which are markedly divergent (fig. 306 
B, D ; Petalonema, fig. 306 H, I ; cf. (114) p. 325, (298) p. 99, (56s) p. 189 ; 
Scytonema crassum). In the latter instance the ruptured edges of the 




Fig. 306. Sheath-structure. A, B, D, diagrams illustrating different degrees 
of divergence of the strata. C, diagrams illustrating successive sheath- 
formation during growth. E, Scytonema myochrous (Dillw.) Ag., showing 
termination of sheaths of branches {bs) at a heterocyst. F, Calothrix parietina 
Thur., ocreate sheath and branching. G, Lynghya majuscula Harv., part of 
a trichome, sheath with parallel strata. H, I, Petalonema alatum Berk.; 
H, transition between an older and younger part of a filament; the different 
shadings indicate various degrees of intensity of coloration with scytone- 
mine; I, a growing apex. J, mucilage-thread of O. sancta (Kiitz.) Gom., 
showing the elongate gaps (/). K, diagrammatic representation of the 
mucilage-envelope of a moving Oscillatoria. L, the same showing the con- 
tained trichome (t); the arrows show the direction of movement and rotation. 
M, Chroococcus turgidus (Kiitz.) Naeg. a, point of attachment of mucilage- 
envelope to substratum; heterocyst; ha^ hair; m, mucilage; new sheath; 
Sy sheath; ty trichome. (A-E after Bharadwaja; F, G, M after Fr^my; 
H, I after Correns; J-L after Niklitschek.) 
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older strata sometimes project beyond the general surface, giving a 
frayed margin {ocrea, fig. 306 F, s). In Scytonemataceae at least, both 
parallel and divergent stratification may occasionally occur in the 
same plant (cf. also (120) p. 415), and this feature is no doubt related 
to the rate of growth. Distinct divergent sheaths are confined to 
terrestrial forms, while aquatic species usually have unstratified 
sheaths, although that may be only apparent. After treatment with 
swelling reagents appropriate stains will bring out strata, even in 
quite thin sheaths ((264) p. 281). 

These facts imply that the sheaths of the filamentous forms are 
produced by successive excretion at the surface of the trichome and 
that their varied appearance and texture depend on the rapidity of 
their formation and their imbibitional qualities. During false branch- 
ing in Scytonemataceae (p. 842) the outgrowing trichome likewise 
secretes a new sheath independent of that of the parent-filament (fig. 
306 E, bs). The sheaths of Myxophyceae afford a good example of 
growth by apposition ((114) p. 299), although intussusception may 
also come into play. The wide outer layers of the envelope of a 
GloeocapsUy which are usually firm and well defined (fig. 31 1 B), and 
the rings of denser material, which are found in the sheaths of 
Hydrocoleus lyngbyaceus Kiitz. (539) and which widen appreciably in 
the older parts, must owe their origin to subsequent changes of an 
unknown nature. 

In the filamentous forms the sheaths usually cover the extremities 
of the trichomes, but this is not so in Rivulariaceae (figs. 306 F; 324 A), 
where the hair-like tips {ha) project freely. When the sheath is com- 
pact, it is not in direct contact with the contained trichome, since 
during life the latter can move within the former, while in preserved 
material the trichome is often separated from the sheath by a space. 
In some filamentous species the sheaths exhibit ingrowths opposite 
the septa (figs. 306 H; 328 H) so that when empty the former appear 
septate ((263) p. 229). 

Certain terrestrial Scytonemataceae, which seem incapable of being 
wetted, exhibit a characteristic bluish-grey colour ; such are commonly 
seen in hothouses. In Tolypothrix byssoidea (251) the surface of the 
sheath is elevated into a network of slight ridges, which causes retention 
of a thin film of air on the surface of the alga. Since the protoplasts of 
the latter remain turgid, it seems that the ridges may help to condense 
atmospheric water-vapour. 

As regards the chemical composition of the mucilage-envelopes, those 
of many Myxophyceae (Chroococcales, Nostocaceae, some Oscilla- 
toriaceae, Gloeotrichia^ etc.) stain readily with basic dyes (ruthenium 
red, neutral red) and probably consist in the main of pectic substances 
((ii8)p. 90, (124) p. 399, (347) p. 539» (388) p. 33 1 > (466), (597)). The presence 
of pentosans has been demonstrated macrochemically in Nostoc ((347) 
p. 542). In diverse filamentous forms {Phormidium, Schizothrix) the 
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sheath contains cellulose ((^63) p. 214), and this is stated ((347) p. 535 ' 
to be so in all Scytonemataceae and Rivulariaceae ; in some of the largei 
forms, however, a cellulose reaction is obtained only after treatment witl: 
potash, from which it is concluded that the cellulose is combined with 
another substance. In thick sheaths the most intense cellulose-reactior 
is given by the innermost layers. 

Lemaire (388) established that the sheaths of certain Myxophyceae 
{Stigonema ocellaturriy Hapalosiphon Brauniiy Scytonema spp., Phor- 
midium autumnaley Lyngbya majusculay Nostoc) are stained only by acid 
dyes, although after brief treatment with Eau de Javelle the now gela- 
tinous sheaths take up basic dyes. He concluded that such sheaths are 
composed of an acid (such as pectic acid) combined with an organic 
base and that this compound (schizophycose) is broken down into its 
constituents by Eau de Javelle. In certain species (Scytonema cincin- 
natum, Tolypothrix lanatay Desmonema Wrangelii) the sheaths consist of 
schizophycose and cellulose. According to Virieux (597) schizophycose 
also occurs in Gloeocapsa. Gomont ((263) p. 225) regarded the firm 
superficial layers of a Nostoc and of certain Scytonemas as consisting of 
cutin (cf. also (71) p. 282). 

Pigmentation of the envelopes is frequent, especially in terrestrial 
forms ; yellow and brown tints are predominant, although red and violet 
shades also occur. There is considerable evidence that coloration of the 
mucilage results from exposure to light of a given intensity; thus, it is 
often restricted to those parts of the strata of terrestrial Chroococcales 
that directly face the light ((71) p. 231), while it is confined to the 
peripheral regions of larger Nostoc-colonies (cf. also (167) p. 36). The 
pigments probably form a light-screen. Red and blue colours have been 
ascribed to a substance gloeocapsiUy yellow and brown shades to scyto- 
nemine ((114) p. 327, (439) p- 15, (440) p. 505) ; the latter becomes green in 
the presence of acids and takes on a violet-greyish tint with iodine - 
reagents. Kylin ((368) p. 56) has isolated two crystallisable substances 
(fuxorhodin, fuxochlorin) from the dark-brown envelopes of Calothrix 
scopulorum and suggests ((370) p. 1 1) that scytonemine may be a mixture 
of the two. 


(c) THE HETEROCYST 

Among the many problems afforded by Blue-green Algae, that pre- 
sented by the heterocysts has attracted considerable attention.^ These 
distinctive structures are met jvith in nearly , all Nostocales and 
Stig onematales, ^artirom p^ilfatoriaceae, but do not occur lirthe 
other JoTders. T^^ vegetative cells and show a very 

uniform diWer^ntiation. They are mostly slightly larger than the 
other cells (fig. 321 A, D, h) and have a well-defined, somewhat 
thickened wall which is composed^f two layers (fig. 307 G, H); the 
moimaent inner layer (i) consists of cellulose ((300} p. 273, (347) p. 535), 
m^ften delicate out^ of pectic substances ^(2 35) p. 227). The 

1 See (26) p. 1 1 8, (46) p. 331, (55) p. 249, (73) p. 38, (20s) p. 87, (235), (350) 
p. 30 y (499) p. 329. 
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membrane does not, however, always give a cellulose-reaction ((73) 
p. 40, (263) p. 224). The outer layer probably corresponds to the cell- 
sheath, while the cellulose layer is a secretion of the inner mye^tm^^^^^^ 
{(427) p. 223), which appears as a ddicate membrane between it and 
the protoplast. Thickening of the wall commences at one or both ends 
((205) p. 87, (559) p. 373) and here the cellulose layer is often somewhat 
more strongly developed. The heterocysts are stated always to be 
adherent to the sheath when that is present ((46) p. 331). 



Fig- 307* Heterocysts. A, B, Anabaenopsis circularis (West) Wolosz. & 
Miller. C-G, Nostoc commune Vauch. ; C, heterocyst with abundant contents; 
D-G, stages in division and escape of contents of same, G with an undivided 
heterocyst. H, Anabaena variabilis Kiitz., germinating heterocyst. I, J, 
A. Cycadeae Reinke, formation of endospores^^) from heterocysts. K, Cylin- 
drospermum muscicola Kiitz., var., terminal heterocysts, r, cyanophycin(?) 
granules ; hy heterocyst ; z, 0, layers of heterocyst-wall ; p, pore of heterocyst. (A, 
B after Taylor; I, J after Spratt; K after Bharadwaja; the rest after Geitler.) 


A characteristic feature of the membrane is the presence of a 
conspicuous, though usually narrow, pore at one or both poles 
(fig. 307 C-H, /)). When the heterocysts occupy a terminal posi- 
tion, as in Cylindrospermum (figs. 307 K; 309 D) and Rivulariaceae 
(fig. 309 C), they possess only a single pore situated on the side 
adjacent to the rest of the trichome. In intercalary heterocysts, such 
as are found in Scytonema^ Nostoc, Anabaena, etc. (figs. 307 C; 309 
E, A), on the other hand, there is a pore {p) at either pole. Heterocysts 
with a single pore are always described as terminal, even though they 
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may occupy an intercalary position (fig. 307 B); functionally they are 
terminal, since the trichome is always interrupted at the pole devoid 
of a pore, in the development of a heterocyst the cell-sheath ap- 
parently closes in or is secreted over the ends of the cell, but, on the 
side or sides adjacent to other vegetative cells, this closure is incom- 
plete. It is uncertain whether there is direct protoplasmic continuity 
with the neighbouring cells by way of these pores, but the cells in 
question are sometimes markedly protruded towards the heterocysts 
((26) p. 124, (392) t. VII, fig. ii). 

Although heterocysts are often solitary, they sometimes occur in 
series (fig. 324 A). Serial heterocysts always develop successively, 
either centrifugally on either side of an intercalary one {Nostoc) or 
unilaterally, when the first heterocyst is terminal {Calothrix, Toly- 
pothnx)\ all the later-formed heterocysts are of the terminal type. 
Solitary heterocysts often occur at rather regular intervals in the 
threads. 

During the differentiation of the wall the chromatoplasm 
usually takes on a yellowish colour, probably as a result of the dis- 
appearance of the pigments other than carotenes. This is, however, 
by no means universal. In Rivulariaceae the normal blue-green colour 
often persists for long periods ((73) p. 41, (608) p. 394), and this is 
especially frequent in tropical forms ((209) p. 242, (531 ) p. 394). The 
cytoplasm of the heterocyst presents a homogeneous appearance and,* 
in the absence of granular inclusions, contrasts markedly with the 
adjacent vegetative cells. There is frequently, however, a bright, 
highly refractive, granule, sometimes of appreciable size (fig. 307 
C, K, c)y situated internal to each pore; similar granules are com- 
monly seen on the adjacent wall of the neighbouring vegetative 
cell ((205) p. 87, (559) p. 373). These structures seem to consist 
of cyanophycin ((458) p. 538; cf. however (17) p. 140, (235) p. 233) 
and to correspond to the granules lining the septa in many Myxo- 
phyceae (p. 770); like the latter they are markedly persistent and 
often survive after the death of the protoplast. Their significance is 
unknown. 

Little other change is evident in the cytoplasm of the heterocyst for 
a variable length of time ; sooner or later, however, vacuolisation sets 
in and finally only shrivelled remnants of the protoplast remain. Such 
heterocysts are usually completely disconnected from the other cells 
of the trichome and, in diverse Nostocaceae at least ((ss) p. 239, (287) 
p. 124, (592) p. 280), formation of heterocysts is one of the means 
whereby the trichomes split up into hormogones. This can, however, 
only be an incidental function. 

Several observations indicate that, under certain circumstances, the 
protoplast of the heterocyst may remain viable. Rejuvenation was 
already noted by Bornet and Thuret ((54) p. 94) in Nostoc ellipso- 
sporum. Later Brand ((72) p. 154, (73) p. 48) recorded the liberation 
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of the contents of the heterocysts of NostoCy on moistening of desiccated 
material, and described doubtful germination-stages. Spratt ((ssq) 
p. 376), in Anabaena Cycadeae, observed the formation of a number 
of endospores (fig. 307 I, J) in old heterocysts and especially in those 
which had undergone desiccation ; after liberation the spores gave rise 
to new filaments. More recently Geitler (235) has recorded the germi- 
nation of the heterocysts in species of Nostoc (fig. 307 D-G), Ana- 
baena (fig. 307 H), and Tolypothrix (cf. also (73) p. 43, (313)), while 
similar phenomena are reported iit Calothrix (562). The pigments 
reappear, the cellulose layer which is regarded as a food-reserve is 
dissolved, and germlings are produced (fig. 307 D-F) from the con- 
tents. The stages in germination resemble those shown by akinetes. 

These observations have led Geitler to adopt the view, often 
previously expressed, that the heterocysts are archaic reproductive 
cells, now largely functionless, but at times still fulfilling their old 
role. Further data lending some support to this hypothesis are 
furnished by the often obvious relation between the position of the 
heterocysts and the place of akinete-formation. Thus, in Cylindro- 
spermum (fig. 309 M- 0 ) and in Rivulariaceae (fig. 309 C) the akinetes 
(a) are nearly always formed next to the terminal heterocysts {h) ; in 
Gloeotrichia Pilgeri akinetes and heterocysts alternate. Certain species 
of Anabaena form akinetes adjacent to the heterocysts (figs. 309 E; 
321 D), whereas other’s produce them about midway between two 
heterocysts (fig. 309 A); although such features are not altogether 
constant, they are indicative of a marked relation between heterocysts 
and akinetes. The frequent juxtaposition of the two has led to the 
unfounded suggestion that the former might act as store-houses for 
reserve-food ((73) p. 44, (205) p. 93, (300) p. 305, (303) p. 483), but there 
is reason to believe that this phenomenon has some deeper significance. 
Geitler ((241) p. 199) emphasises the reciprocity between akinetes and 
heterocysts, which is particularly evident in certain species of Ana- 
baenay where either further heterocysts or akinetes may differentiate 
from the region of the trichome between two already established 
heterocysts. He makes reference ((250) p. 74) to an observation of 
Borzi’s, according to which heterocysts of Nostoc insular e can undergo 
transformation into akinetes. 

Germination of the contents is, however, quite exceptional, and the 
instances that have been recorded give more the impression of unusual 
occurrences than of the revival of a former reproductive capacity. Nor 
is there any parallel for the wholesale persistence of an aborted repro- 
ductive cell. Heterocysts often appear in germlings ((91) p. 14, (235) 
p. 224; figs. 300 I, J; 309 G-L), while hormogonia of Nostoc on 
coming to rest usually form a heterocyst at each end (fig. 308 D, M). 
Such facts imply that they possess a definite, though hitherto un- 
recognised, function, which is also suggested by their relatively 
complex structure. 
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Canabaeus (91), working mainly with species of Anahaena^ esta- 
blished that, by raising the concentration of chlorides in the nutritive 
solution, the number, as well as the dimensions, of the heterocysts are 
increased, although enlargement, which is due to growth of the 
heterocysts already present, takes place only up to a certain optimum 
concentration. When the material is replaced in normal concentra- 
tions, the heterocysts are cast off and new ones of the usual size are 
formed. Increase in size may also result from oxygen deficiency, 
while darkness causes a decrease. In culture-solutions containing 
certain definite concentrations of sodium chloride, the decrease in size 
and ultimate disappearance of the heterocysts is accompanied by the 
appearance of pseudo-vacuoles (p. 775) in various species {Anabaena 
variabilis, Calothrix epiphytica) that do not usually possess them. On 
the basis of these data ((91) p. ii) the heterocysts are interpreted as 
receptacles for hypothetical enzymes, supposed to be responsible for 
the formation of pseudo -vacuoles. The results, however, merely show 
that Keterocysts respond in a different way from the vegetative cells 
to various factors and that, in forms possessing them, they may have 
some connection with the formation of pseudo-vacuoles. The most 
important fact that emerges is the evidence afforded of a special 
constitution of the heterocyst. 

id) MOVEMENTS 1 

The capacity for spontaneous movement is widespread among 
Myxophyceae. It constitutes the means of dispersal for the hormo- 
gonia ((59) p. 78) met with in all filamentous forms except Pleuro- 
capsales. It is also shown by the mature trichomes of diverse 
Oscillatoriaceae {Oscillatoria, Spirulina) and Nostocaceae {Anabaena 
(9s); Aphanizomenoniz) p. 26; Cylindrospermum (246) p. 30, (292)), and 
is evidently not uncommon among Chroococcales {Synechococcus (470) ; 
Gloeothece linearis (356); Merismopedia punctata (453) p. 212; Holopedia 
(660)). The movements of Chroococcales are slow, but those exhibited 
by hormogonia and by the trichomes of Oscillatoriay for instance, are 
often comparatively rapid, although the rate depends on the species, 
the temperature, and the intensity of the light. The maximum rate of 
movement is stated to be from 2-5 microns per second ((86) p. 440 ; 
cf. also (55) p. 244, (73) p. 60, (115) p. 148, (608) p. 408). The hormogonia 
of Isocystis ((56) p. 467) move with exceptional rapidity, while in 
Symploca {(526) p. 331) the movement is very slow. 

The motion is usually a creeping or gli ding one in the direction of 
the longitudinal axis and may take place either backwards or for- 
wards. In many, but not in all ((126) p. 138, (284)), Oscillatorias it is 
accompanied by rotation (115) which is clockwise or couliterclockwise 
according to the species ((529) p. 574). The distance traversed during 

' A useful general review is given by Burkholder (86). 



MOVEMENTS 8oi 

a single rotation is coni,v«.*t ((ns) p. 14 1), though varying slightly for 
different species, so that the quicker the rotation the quicker the move- 
ment. Rotation is also observable in Spirulina} ((352) p. 423, (353) p. 462, 
(658)), although stated ((149) p. 190) not to be invariable; the rotation 
here takes place in the direction of coiling of the thread. In all other 
instances the movements are performed without rotation. Threads of 
Oscillatoria commonly exhibit slow, somewhat jerky, pendulum-like 
oscillations of the front end ; to this feature the genus owes its name. 
The oscillations are often of considerable amplitude and generally 
occur when there is no forward progression ; at the end of an oscilla- 
tion there is commonly a more rapid bending of the extreme apex. 
They are said ((526) p. 348) to occur only when the tip of the trichome 
is not in contact with a substratum. O. splendida is stated ((453) p. 246) 
to show such movements only. 

The path followed during movement is usually curved ((73) p. 58, 
(115) p. 141, (526) p. 350, (529) p. 616), the direction of curvature corre- 
sponding to that of rotation; this is evident when Oscillatorias are 
grown on agar, on which they leave tracks caused apparently by 
chemical action (527). Niklitschek ((453) p. 244), however, denies that 
movement along a curved path is a regular phencynenon. The frequent 
reversals in the direction of movement are probably in part auto- 
nomic ((73) p. 57, (292) p. 224, (529) p. 610, (6o«) p. 412), although they 
may also depend on outside stimuli (452); hormogonia, produced from 
akinetes, often show such to and fro movements ((292) p. 188). Increase 
of temperature leads to acceleration of the rate of movement which is 
approximately doubled for every 10° C. ((126), (292) p. 223, (449), (526) 
p. 339, (529) p. 607), while it is often more rapid in strong than in weak 
light 2 ((292) p. 201, (452) p. 186; cf. however (86) p. 450); it may, how- 
ever, continue for a long time in darkness ((57) p. 385, (291) p. 161, (481 ) 
p. 23, (529) p. 605). The rate is also affected by the />H of the en- 
vironment (8s). 

Movements of translocation, whether of mature threads or of 
hormogonia, are always accompanied by secretion of mucilage (cf. 
however (453) p. 220) and take place only when some part of the 
thread is in contact with a substratum ((ns) p. 143, (284), (36s) p. 533, 

(529) p. 591), although contact with the surface-film of water may 
suffice ((353) p. 466, (453) p. 235). The threads of Oscillatoria are sur- 
rounded by a thin envelope of mucilage ((288) p. 106), which becomes 
visible in material mounted in suspensions of sepia or indigo ((179) 
p. 332, (529) p. 588) and is stated ((453) p. 222) normally to possess a 
firm, though flexible, boundary. This envelope, which is fixed to the 
substratum and does not move with the trichome, remains behind as 

^ See also the detailed description given by Picken (480) of the movement 
of a SpirulinaAike organism. 

2 Regarding the effect of sudden changes in light-intensity, see (178), (293), 

(530) p. 329. 
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the latter advances. Schmid ((529) p. 592), by direct observation of 
the movement of trichomes of O. jenensis over the soil-surface, was 
able to recognise the fine mucilage-strands which remain stretched 
from particle to particle and which are twisted as a result of the rota- 
tion of the trichome.i All the cells of a trichome are probably con- 
cerned in the formation of the mucilage which, according to Schmid 
(cf. also (495)), is secreted through pores; it is, however, more likely 
that it arises by modification of the cell-sheath ((179) p. 332, (346) 
P- 3935 cf. also p. 793). The terminal cell is sometimes specially 
active in mucilage-formation ((257) p. 9, (529) p. 589). 

According to Niklitschek ((453) p. 235) the envelope of mucilage 
forms a complete cylinder only in the rare instances in which the 
threads are moving freely ; when this is so, one end of the mucilage- 
cylinder is always fixed to some firm object. More usually the enve- 
lope is U-shaped in cross-section, with the opening on the under side 
where the gliding thread is in direct contact with the substratum 
(fig. 306 K, L, m); the envelope itself is, however, fixed to the latter 
only at its starting-point {a). Especially on the flanks there are elon- 
gate gaps (fig. 306 J,/), believed to be due to temporary cessation of 
mucilage-secretion on the part of certain cells. Various other 
modifications are described. 

The mucilage of Oscillatoria thus merely forms an envelope through 
which the contained trichome moves, Just as it can move within the 
sheath of a Phortnidium or Lyngbya, The envelope probably has some 
specific function, which is not directly connected with the mechanism 
of movement. It may indeed be but a special development of the 
sheath found in most Oscillatoriaceae. 

Diverse investigators ((292) p. 229, (379) p. 130, (542) p. 188) have 
regarded the secretion of mucilage as the cause of movement. Fechner 
(179) concluded that the mucilage was anisotropic, although this is 
denied by others ((36s) p. 532, (453) p. 245, (529) p. 600), and that the axis 
along which major swelling took place was inclined to the long axis of 
the thread ; he suggested that this would account both for the forward 
progression and the accompanying rotation (cf. also (49s) p. no). In 
sepia suspensions the particles exhibit a spiral movement around the 
thread, in a direction opposite to that of rotation, and tend to accumu- 
late in annular zones at certain intervals, but if I understand Niklitschek 
((453) p. 237) rightly, this does not represent a normal condition. 

There is increasing evidence that movement is due to rhythmic 
longitudinal waves traversing the trichomes from end to end and 
caused by alterations in the volumes of the protoplasts (increase or 
decrease in length accompanied by changes in breadth) ; if such waves 
follow a spiral course, rotation will result. Such a mechanism, 

^ The mucilage spirals, recorded by Hansgirg (284) and Zuelzer ((644) p. 45), 
are stated to be the entwined mucilage-tracks of two threads ((453) p. 239, 
(529) p. 590 * 
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vaguely hinted at by earlier workers ((163) p. 55, (287) p. 39), was first 
definitely suggested by Schmid ((526) p. 368, (53©) p. 407), although he 
believed that the mucilage also played a part. Its existence has been 
more fully substantiated by later workers ((126) p. 139, (594) p. 305, 
(595)) by the use of cinematographic and other methods. The capacity 
of the threads of Oscillatoriaceae to undergo longitudinal contractions 
and expansions ((74) p. 306, (179) p. 316, (284) p. 837, (530) p. 360, (538) 
p. 54) is no doubt related to the extensibility of the cell-membrane 
and the special features of the protoplast. 

Schmid ((530) p. 383) observed such longitudinal waves in moving 
threads of O. jenensis. Ullrich ((594) p. 305), by suitably illuminating 
trichomes grown on agar, demonstrated a special reflection of the light 
at certain points, the position of which continuously shifts along the 
trichomes in correspondence with the passage of the contractile waves ; 
the wave-length in O. sancta is about 25 fx and the average frequency at 
20° C. is 1*9 seconds. Similar contractile waves have been observed in 
Beggiatoa mirahilis. Ullrich ((595) p. 164) assumes rhythmic changes in 
the degree of separation of the septa, due to slight alterations in the cell- 
volumes, which have been ascribed ((117), (284) p. 833, (365) p. 536, (530) 
p. 413) inter alia to osmotic changes. When a cell contracts, the contour 
of the transverse section is supposed to assume the form of an ellipse, 
the long axis of which varies in position in successive cells and shifts in 
a spiral direction round the thread. Further details must be sought in 
the original papers. Contractile waves have not at present been demon- 
strated in hormogonia. 

Both halves of a bisected trichome of Oscillatoria ((526) p. 362, (529) 
p. 619, (530) p. 346) continue to move in the same direction, although 
the posterior half may ultimately exhibit a reversal. If dismembered 
into small pieces, only those above a certain minimum length continue 
to move (cf. also (365) p. 536), although these do so quite normally. 
Motile threads show marked responses to stimuli. The direction of 
movement is often influenced by unequal distribution of light (452, 481). 
Such phototaxis has been recorded in Symploca ((526) p. 331) and in 
diverse species of Oscillatoria ((86) p. 450, (178) p. 27, (530) p. 329, (590)); 
some (O. amphibia, O. splendida) exhibit only negative phototaxis. 
Phototaxis is also shown by the hormogonia of Nostoc ((292) p. 233), 
although Weber ((608) p. 412) failed to recognise it in those of Calothrix, 

Oscillatoria-thxtads illuminated by a circular area of light exhibit 
reversal of movement as soon as J to i of the trichome has passed into 
darkness (452). By appropriate modification of the experiment, it has 
been established that the change in illumination is perceived by all 
parts of the trichome, but that darkening is only effective (p. 182) if the 
end that is momentarily directed forwards comes under its influence. 
The same is true of chemotactic stimuli ((530) p. 351), although Fechner 
((179) p. 320) believed that only the end-cells were perceptive. For other 
data on chemical stimulation, see (496) p. 66 and (523) p. 569. 

The threads of Oscillatoria formosa tend ultimately to assume a 
position perpendicular to that of the incident light (diaphototaxis of ( 481 ) 
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p. 36; (86)). Those, forming the sheets of O. amphibia (219), are more 
densely aggregated at lower than at higher temperatures, as well as in 
strong light; contraction of the sheets can also be brought about by 
shaking (cf. the movements of Bacillar ia, i, p. 590). The threads of 
terrestrial Myxophyceae may show marked positive phototropism 
((237) p. 287). 

(e) THE PROCESSES OF REPRODUCTION 

The methods of reproduction are simple in type and multiplication is 
often effected largely by vegetative means. Apart from this, a number 
of Blue-green Algae form spores (akinetes and endospores), which are 
probably more widespread than is at present apparent. Sexual repro- 
duction does not occur; the data given by Borzi (61) are based on 
observation of akinete-formation in dividing cells. 

Among the colonial Chroococcales multiplication is principally 
effected by simple cell-division. This may take place along a single 
plane perpendicular to the longitudinal axis of the cell [Gloeothece^ 
fig. 3 1 1 E ; Aphanothece, fig. 3 1 1 I ; Microcystis elahens) or along two 
(Merismopedia^ fig. 312 B; Holopedia, Chroococcus limneticus) or three 
planes {Eucapsis, fig. 312 A; Chroococcus y fig. 31 1 A; Gloeocapsa) at 
right angles to one another; in many species of Microcystis and 
Aphanocapsa the successive division-planes are orientated in various 
directions. Not uncommonly there is a certain rhythm in cell- 
division, groups of four (MerismopedWy fig. 312 B) or eight cells 
(ChroococcuSy GloeocapsUy fig. 31 1 B) being produced in rapid suc- 
cession, after which there is a period of rest ((241) p. 190); this is also 
seen in diverse Pleurocapsales. With resumption of cell-division the 
four- or eight-celled packets are often dissolved ((7O p. 281) and in 
this way, in attached species of GloeocapsOy etc., extensive strata are 
formed, the colour and texture of which are frequently distinctive. 
The more indefinite colonies of Aphanocapstty Microcystisy etc. simply 
dissociate into smaller ones on attaining a certain size. A forcible 
extrusion of* single cells to a distance of 15-45/x has been observed in 
Coelosphaerium ((386) p. 78, (633) p. 162); it is stated to be due to the 
pressure of the elastic walls of the mucilage-tubes in which the cells 
are lodged. 


Hormogonia and Hormocysts 

Vegetative multiplication of a more specialised kind is effected by the 
hormogoniay which constitute the chief means of reproduction among 
the filamentous Nostocales and Stigonematales ((46) p. 334, (291) p. 160, 
(581) p. 321, (582)); their principal characteristic is the capacity for 
movement. Hormogonia (figs. 300 J ; 308 A, C, ho) are, usually short, 
lengths of trichome with rounded ends and without differentiation of 
the cells ; they are provided only with the delicate mucilage-envelope 



ho 



Fig. 308. Hormogonia and hormocysts. A, Stigonema ocellatum Thur., part 
of a plant forming hormogonia {ho). B, Oscillatoria anguina (Bory) Gom., 
concave cell and two dead cells. C-F, Q, Nostoc punctiforme (Kiitz.) Har. ; 
C, hormogonium; D-F, Q, stages in germination of same. G, Oscillatoria 
brevis (Kutz.) Gom., apex of thread with concave cells (c). H-K, Westiella 
lanosa Fr6my ; H, part of a plant forming hormocysts; I-K, stages in germina- 
tion of hormocysts. L, M, Nostoc commune Vauch., germinating hormogonia. 
N-P, Tolypothrix distorta Kutz., formation of separation-discs; O, P, living 
threads; N, after treatment with glycerine, by prostrate and e, erect threads; 
Cy concave cells; hy heterocyst; hcy hormocyst; hOy hormogonium; i, separa- 
tion-disc. (A, H-K after Fr^my; B, N-P after Brand; C-F, Q after Harder; 
G after Gomont; L, M after Geitler.) 
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secreted during movement. In unbranched forms {Oscillatoria^ 
Anabaena) they commonly result from breaking of the trichomes into 
several pieces, while in branched types {Scytonema, Stigonema, fig. 
308 A, ho) they are usually set free from the extremities of the fila- 
ments or their branches. The liberation of hormogonia from threads 
enveloped by a firm sheath is probably due to changes in the latter 
caused by access of water and will take place even in dead material 
((393) p. 18, (647) p. 304). Intercalary hormogonia, which usually 
germinate m situ, are not uncommonly formed in Scytonemataceae ((27) 
p. 271, (73) p. 43). In Stigonemataceae (fig. 308 A; 331 A, ho) 
hormogonia are produced only by the laterals and in their uniseriate 
character contrast markedly with the principal threads. In Rivu- 
lariaceae they are formed beneath the terminal hairs ((53) p. 9, (S 4 ) 
p. 167). In the heterocystous genera they are usually devoid of hetero- 
cysts (cf. however (540) p. 207). 

Germinating akinetes not uncommonly produce hormogonia ((140) 
p. 581, (292) p. 177) which, in Nostoc punctiforme, at first perform charac- 
teristic to and fro movements into and out of the ruptured spore- 
membrane. 

The number of cells composing the hormogonia varies considerably, 
although in many Blue-green Algae there seems to be a lower limit ((59) 
p. 78, (529) p. 575, (s8i) p. 321). Geitler ((249) p. 290) records two-celled 
hormogonia capable of movement in Stigonema minutum, although 
much longer ones are normal for this species. Crow(i2i) speaks of one- 
celled hormogonia in Lynghya nigra (cf. also (4oi«)), without producing 
any evidence of capacity of movement. So-called planococci, i.e. single 
spherical cells, which are detached from the trichome-tips of certain 
forms {Desmosiphon (63) p, 587) and exhibit a slow creeping movement, 
are possibly one-celled hormogonia. 

Among Nostocaceae the production of hormogonia is often due to 
fragmentation of the trichomes by the formation of intercalary 
heterocysts, but this is not invariable ((291) p. 160, (559) p. 374)- In 
Oscillatoriaceae and in many heterocystous genera hormogonia are 
delimited by the modification and ultimate death of occasional cells. 
Not uncommonly the contents of the moribund cells first become 
homogeneous and yellowish ; later the pressure of the adjacent healthy 
cells may result in the assumption of a biconcave shape (concave cells, 
fig. 308 B, G, c\ necridia of Brand (73) p. 50; cf. also (350) p. 135, (351) 
p. 6, (538) p. 63). The so-called separation-discs arise by a different 
modification, leading to diffusion of the pigments throughout the 
protoplast which assumes a dark green appearance, the membrane 
being no longer distinguishable ((75), (351) p. 7). The structures in 
question are likewise biconcave (fig. 308 P, i), but may become so thin 
in the middle as to appear as mere rings (fig. 308 N, O, i)', ultimately 
the contents become colourless. Concave cells and separation-discs 
are not always sharply distinguishable. Similar dead cells develop in 
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connection with the production of false branches in Scytonemataceae 
(P. 842). 

-On^ming to rest the hormogonia grow directly into a new thread. 
In Nostoc^ division of the cells may be oblique or even longitudinal 
(fig. 308 E, F, L, Q) so that, after elongation, the contorted trichome 
characteristic of this genus is produced ; it is commonly enclosed within 
a narrow mucilage-envelope, with a heterocyst at each end (fig. 308 
D, M). Germinating hormogonia of Scytonema usually differentiate 
an intercalary heterocyst, whereas in Tolypothrix the first heterocyst 
is often terminal ((53) p. iv). The extensive strata formed by many 
filamentous Myxophy ceae are a result of rapid growth of the filaments, 
combined with repeated hormogone-formation. In genera devoid of 
compact sheaths extensive multiplication probably also takes place by 
mere fragmentation of the threads ((56) p. 470). Forms like Oscillatoria 
and Cylindrospermuniy which retain their motile power throughout life, 
may be regarded as permanent hormogonia; in the latter movement 
continues even during akinete-formation. 

In certain Scytonemataceae and Stigonemataceae {Westiella) struc- 
tures, which are homologous with hormogonia and are formed in the 
same way, are modified as organs of perennation. These hormocysts 
(fig. 308 H, hc] (62) ; cf. also (107)) always consist only of a few enlarged 
cells, stocked with food-reserves and enveloped by the thickened 
sheath which closes round them at both ends (cf. fig. 308 I) ; they lack 
the capacity for movement. The cell-membranes may remain thin or 
show some thickening. Hormocysts might equally well be regarded as 
many-celled akinetes ((241) p. 201) and are probably an adaptation to 
terrestrial conditions. In germination (fig. 308 I-K) one or both ends 
grow out into threads ; occasionally they germinate in situ. In Scyto- 
nema velutinum Freiiiy ((202) p. 43) records comparable structures, 
which in part consist of only a single cell and are surrounded by a 
stratified envelope. 

Resting Spores (Akinetes (623) p. 510) 

Specially differentiated akinetes are met with particularly in Nosto- 
caceae and Rivulariaceae ((73) p. 32), where they represent the usual 
method of perennation. They are constituted by spherical, oblong 
(fig. 309 A, a) or cylindrical (fig. 309 E, a) cells which are usually 
much enlarged and crowded with granular food-reserves, for the 
most part probably consisting of cyanophycin. The photosynthetic 
pigments are stated to disappear ((241) p. 195). The akinetes are pro- 
vided with a firm membrane, which is usually differentiated into two 
layers (fig. 309 E), corresponding respectively to inner investment («) 
and cell-sheath {cs; (207) p. 200). The outer envelope is thick, com- 

^ See (55) p. 246, (234) p. 161, (241) p. 216, (291) p. 161, (396), (519) p. 370. (582) 
p. 23. 
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monly yellow or brown in colour, and occasionally shows sculp- 
turings or other ornamentations. Sometimes it consists of more than 
one layer and, when this is so, the several layers may be differently 
constituted; thus, in Cylindrospermum alatosporum ((212) p. 578) the 
outer layer is differentiated as a broad transparent wing traversed by 
numerous radiating lines (fig. 309 D). In Gloeotrichia ((263) p. 233) 
there are often one or more additional layers, formed presumably by 
condensation of the gelatinous sheath of the trichome (fig. 309 C). 
The akinetes of this genus occasionally undergo incomplete septation 
during ripening so as to appear chambered ((73) p. 37). The coccoid 
stages described by Sauvageau ((517), (519) p. 374; cf. also (136)) in 
Nostoc punctiforme are probably immature akinetes. 

In the differentiation of akinetes the cell-sheath closes over the 
ends so that there is complete segregation from the adjacent cells. 
Their frequent proximity to the heterocysts has already been men- 
tioned (p. 799 and fig. 309 C, D, E, M, O). In Nostocaceae they are 
often produced in long series (fig. 321 A, «), and sometimes the 
majority of the cells are involved so that ultimately only groups of 
akinetes and heterocysts remain ; this is so in certain species of Nostoc 
and in one form of the planktonic Anabaena flos aquaCy long dis- 
tinguished as a separate species (A. Lemmermanni). In many in- 
stances akinete-formation depends on the realisation of certain ex- 
ternal conditions, although in Cylindrospermum and Gloeotrichia it 
appears always to ensue when the trichomes have reached a certain 
size. One factor leading to the formation of akinetes appears to be 
nitrogen-deficiency ((259) p. 330, (291) p. 232). Akinetes may dif- 
ferentiate in quite young threads. 

The akinetes of Myxophyceae are very resistant to desiccation and 
to extremes of temperature ((259) p. 334, (333) p. 121). They retain 
their vitality for very long periods ((46) p. 336, (55) p. 257, (79), (659)), 
although in many instances immediate germination is possible ((26) 
p. 129, (206) p. 225, (290), (559) p. 375; fig. 309 F, I); those of Aphani- 
zomenon are stated ((51 Op. 134) to germinate only after a resting period. 
According to Harder (289,290) germination in most Nostocaceae takes 
place only in the presence of light; there is, moreover, a definite rela- 
tion between the interval that elapses before germination commences 
and the quantity of available light. In the presence of cane sugar, 
especially at higher temperatures, germination will also take place in 
the dark so that an adequate supply of carbohydrates would seem to 
be a necessary condition. 

The actual process of germination^ shows considerable diversity 
in detail, but several methods are commonly met with in the same 
material (fig. 309 F) and the differences hardly appear to be specific 
(cf, however (259) p. 314). Division (fig. 309 G) sometimes occurs 

^ See (14) p. 14, ( 55 ) p. 261, (173) p. 34, (206) p. 219, (234) p. 165, (291) pp. 156, 
173, (333) p. 121, (458) p. 540, (559) p. 375- 
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before the spore-contents are liberated from the outer envelope ; in 
other instances the latter gelatinises and division takes place within 



i^ig- 309* Akinetes of Myxophyceae. A, Anabaenaflos aquae (Lyngb.) Br^b. 
B, Cylindrospermum licheniforme Kutz., germinating akinete. C, Gloeotrichia 
natans Rabenh. D, Cylindrospermum alatosporum Fritsch, akinete. E, Ana- 
baena oscillarioides Bory, young akinete. F, 1 , A. Azollae Strasb., threads with 
germinating akinetes. G, H, J, K, A, maequalis (Kiitz.) Born. & Flah., 
germinating akinetes. L, A. cylindrica Lemm., ditto. M-O, Cylindro- 
spermum muscicola KUtz. ; O, formation of akinetes and heterocysts at both 
ends of the threads, akinetes; cSy cell-sheath; hy heterocysts; «, inner 
investment; /, lid detached from akinete-membrane; />, pore of heterocyst. 
(A after Smith; B after Bristol; C after Tilden; D, F, I after Fritsch; E after 
Geitler; G, H, J-L after Canabaeus; M-O after Borge.) 

the mucilage thus produced. As a general rule, however, a small part 
of the membrane alone becomes diffluent (fig. 309 B, F) or becomes 
detached as a lid (fig. 309 H, L, /), the new filament gradually growing 
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Fig. 310. Endospores and exospores. A-C, Aphanothece caldariorum P. 
Richt. ; A, three vegetative cells; B, C, various stages in endospore-formation. 
D, Pleurocapsa minor Hansg. emend. Geitl., erect threads, some cells with 
endospores. E, Dermocarpa prasina (Reinsch) Born. & Thur., group of indi- 
viduals with endospores. F, D, suffulta Setch. & Gardn., group of individuals 
on Rhodochortonf three with endospores. G-J, D, incrassata (Lemm.) Geitl. ; 
G-I, stages in endospore-formation; J, dehiscence. K-N, Chamaesiphon 
curvatus Nordst., individuals showing exospore-formation. O, P, Chroococcus 
gelatinosus (Geitl.); in P two cells show endospore-formation. Q, Chroococ- 
cidiopsis thermalis Geitl., endospore-formation. R-W, Endonema moniliforme 
Pascher; R, V, W, formation and liberation of endospores; S, upper cell with 
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out of the remaining part. According to Spratt ((559) p. 375) the con- 
tents of the akinetes of Anahaena Cycadeae are usually protruded 
through a pore in the wall. The inner layer of the wall of the akinete 
forms the membrane of the young filament ((263) p. 232). The latter 
may develop directly into a mature trichome, but in many species of 
Nostoc at least a hormogonium (primary hormogonium, fig. 309 H, 
J, K) is produced from the germinating akinete (cf. however (333) 
p. 124). 

Akinetes are also recorded in diverse Stigonemataceae {Fischer ella, 
fig. 331 C, a; Hapalosiphon (201) p. 178), as well as in Siphononema (fig. 
314 J, a). Comparable structures, though not so strictly defined, are 
known in a few Chroococcales {Gloeocapsa (71) p. 284, (327); Ento~ 
physalis). In Microchaete calothrichoides the tips of the trichomes may 
form chains of spherical cells which become detached singly (16); this 
species also produces ordinary akinetes. 

Both akinetes and hormocysts are reported only in a small percentage 
of Myxophyceae, and there is at present little information as to the 
means of perennation, especially of the numerous terrestrial members of 
the class (cf. (46) p. 334). According to Brand ((75) p. 66, (76) p. 12) 
Tolypothrix penicillata persists as isolated threads with thick yellow 
sheaths ; on resumption of activity the trichomes grow out of the latter 
and exhibit abundant cell-division. This may well represent a method 
of survival during unfavourable conditions (cf. also (666) p. 37 and (675)). 

EnDOSPORES ((241) p. 203) 

These structures, which have in the past usually been called gonidia 
and are widespread in the orders lacking hormogonia, are no doubt 
homologous with the aplanospores found in Green and other Algae ; 
the latter term, connoting as it does a derivation from motile zoo- 
spores, is not applicable in the Myxophyceae. Apart from their mode 
of origin, endospores differ from akinetes in the fact that they serve 
as a means of direct propagation, and there is no evidence that they 
are capable of a resting period. They arise by successive division of 
the protoplast along three planes, although some species of Dermo- 
carpa are stated to show a simultaneous formation of endospores ((547) 
p. 28). The cells producing them frequently exhibit a preliminary 
increase in size (fig. 310 E, F) so as to appear as differentiated spo- 
rangia, which, among Pleurocapsales, are commonly terminal on the 
filaments {Radaisia^ Pleurocapsa^ fig. 310 D). The endospores, which 


4, the lower ones with 2 endospores; T, formation of considerable numbers 
of endospores in the cells; U, vegetative thread, by basal cell; ew, endospores; 
eXy exospores; 7 n (in J), new membrane formed around residual protoplast; 
py pseudovagina; r, sporangial cell; 5, sheath; su (in E), substratum; v (in 
F, H-J), residual protoplast. (A-D, O-Q after Geitler; E after Bornet & 
Thuret; F after Setchell & Gardner; G-J after Lemmermann; K-N after 
Fritsch; the rest after Pascher.) 
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are usually spherical, are stated to be commonly naked at the time of 
liberation, although this is certainly not always true (cf. e.g. (241) 
p. 204). However this may be, they soon develop a thin membrane 
and are able to germinate immediately. 

In the unicellular epiphyte Dermocarpa ((54) p. 74) the entire con- 
tents often give rise to spores (e.g. Z). prasinay fig. 310 E). In other 
species (e.g. D. incrassatay fig. 310 G), however, the first division of 
the protoplast leads to the formation of a sterile lower half (fig. 310 
H, v) and an upper half (r) which segments to form the endospores 
(fig. 3 10 I, en). After liberation of the latter (fig. 3 10 J), the remaining 
half-protoplast (v) enlarges, secretes a new membrane (w), and the 
same sequence of events is repeated. In D. Leibleiniae (Reinsch) 
Born. & Thur. both conditions occur, while in D. sujfulta ((231) p. 440) 
the lower half of the cell (fig. 310 F, «;) is cut off as a stalk which does 
not divide further. Liberation of the spores is effected by apical 
rupture (fig. 3 10 J) or by detachment of a lid, sometimes by gelatinisa- 
tion of the entire wall {D. sphaerica (232) p. 457; fig. 316 P). 

Geitler ((240) p. 359, (241) p. 190) describes as nannocyte-formation 
the occasional production of groups of small cells, which has been 
observed especially among Chroococcales ; it has been recorded inter 
alia m Gloeocapsa (625), Aphanothece ((237) p. 286; fig. 310 B, C), 
Microcystis ((91) p. 33), and Chlorogloea ((240) p. 359; fig. 313 I). As in 
endospore-formation, there is rapid and successive cell-division un- 
accompanied by any appreciable enlargement, so that groups of cells 
much smaller than the normal are produced (fig. 3 10 C, en) ; commonly 
these cells develop in situ to form new colonies. Segmentation may 
take place along three or more (Gloeocapsa) planes, even in Aphano- 
thece (fig. 310 B) where the vegetative cells divide along one plane 
only. Such reproduction has been induced artificially in A. muralis 
by cultivation on agar. There appear to be no grounds for dis- 
tinguishing these processes of multiplication from the production of 
endospores among Pleurocapsales (cf. (170) p. 364, (172) p. 44, (652) and 
p. 819). The phenomena appear to be altogether identical and all such 
instances are here grouped as endospore-formation. 

Geitler ((246) p. 243) refutes the records of endospores in Gompho- 
sphaeria ((535) p. 18, (649) p. 259), but there does not seem to be any 
valid reason for doubting their authenticity. 

In the peculiar filamentous genus Endonema ((464); fig. 310 U) all 
stages are found from the production of 8-16 (fig. 310 T, en) to the 
formation of only two overlying endospores (fig. 310 W), which are 
then commonly retained within the parent-cell (fig. 310 S). When this 
is so, each endospore forms a membrane of its own, the apparently 
homogeneous septum between the two daughter-cells actually con- 
sisting of the closely apposed membranes of the latter. According to 
Pascher cell-division in Endonema always takes place after this manner, 
the protoplast dividing into two and each part forming its own enve- 
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lope. There is, however, no evidence for his view that this method of 
cell-division is typical of Blue-green Algae generally (cf. also (250) p. 58). 
The liberated endospores of Endonema exhibit gliding movements. 

Endospores, for the most part produced singly in the cells, have been 
recorded also in certain Nostocaceae ((73) p. 49, (206) p. 224) and 
Oscillatoriaceae ((73) p. 46, (an) p. 28), but these are isolated occurrences, 
and it is not known what part they play in the life-cycle. In Herpy- 
zonema ((610) p. 36), however, endospore-formation (fig. 327 L, en) 
resembles that of Pleurocapsales and leads one to suspect that it may 
yet be found to be more widely distributed among the higher fila- 
mentous types. 


Exospores ((241) p. 204) 

These structures, likewise often called gonidia, are characteristic of 
the epiphyte Chamaesiphon {fig, 310 K-N ; (58) p. 303) and are no 
doubt derivable from endospores. When a Chanuimpium-indW 
has reached a certain size, the membrane {probably the cell-sheath) 
ruptures apically and the exposed protoplast abstricts spherical spores 
{ex) successively from its tip,^ much in the same way as conidia are 
produced in many Fungi. The ruptured wall {GtixX^v's pseudovagina) 
remains as a cup-shaped or cylindrical envelope {p) around the proto- 
plast, while the latter, as well as the spores abstricted from it, are 
surrounded by a delicate membrane, which probably corresponds to 
the inner investment. The protoplast elongates continuously and 
sometimes (C. macer Geitl. (240) p. 331) attains a considerable length; 
it is not used up in the formation of the spores. The latter are usually 
removed at approximately the same rate as they are produced, but in 
certain species they germinate in situ giving colonies of various kinds 
(cf. p. 822). 

The process of spore-formation in Chamaesiphon can be related to 
that found in certain Dermocarpas, in which only the upper half of the 
individual is fertile (cf. p. 812 and (241) p. 205). If the whole of the 
upper portion gave rise to a single spore, the condition found in 
Chamaesiphon would be essentially realised. In this connection it is 
of interest that, in Dermocarpa protea Setch. & Gardn. (fig. 316 Q), 
there are indications that the endospores are formed in basipetal 
sequence ((246) p. 388). 

(/) THE RANGE IN VEGETATIVE CONSTRUCTION 

Of the five orders of Myxophyceae distinguished on p. 769 the 
Chroococcales are no doubt the most primitive and will therefore be 
considered first. 

^ Borzi states that the exospores of C. confervicolus A. Br. are formed by 
division along three planes, but it is doubtful whether this is correct ((246) 

p. 425)- 
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ChROOCOCCALES ((ii8), (124), (i 57 ), (439) p. 44, (627)) 

Most members of the order are classed in the family Chroococcaceae, 
many genera of which are palmelloid colonial forms (fig. 3 1 1 C, D, I), 
not sharply demarcated from one another. A satisfactory assignation 
of borderline species is therefore often only possible, if abundant 
material is available. Single cells are met with occasionally in 
Chroococcus and more frequently in Synechococcus (fig. 31 1 G) and 
Synechocystis (fig. 304 I). Among the palmelloid types those with 
more or less spherical cells, usually dividing along three perpendicular 
planes {Chroococcus^ fig. 31 1 A; Gloeocapsa^ fig. 311 B; Aphanocapsa, 
fig. 304 J), can be distinguished from,, those with elongate oblong, 
sometimes curved, cells exhibiting preferential grovnh in one direction 
and dividing only along the plane perpendicular to their long axis 
{GloeothecCy fig. 31 1 E, F; Synechococcus y fig. 31 1 G; AphanothecCy 
figs. 310 A; 31 1 I). Among the former the newly formed daughter- 
cells are often hemispherical (figs. 304 J ; 3 1 1 A), while among the 
latter they may at first be spherical. 

For the rest these diverse genera are largely distinguished by the 
size of the colonies and the structure of the enveloping mucilage. In 
the few-celled colonies of Gloeocapsa ((71); fig. 31 1 B) and Gloeothece 
((81), fig. 31 1 E) the cells occur in small groups within wid e lamellat e 
m ucilage-envel opes which, especially in terrestrial species, are often 
b ^iantly colouf SdTt^ 79^) and not only surround the whole aggre- 
gate but also occur around the individual cells. Similar, but narrower, 
envelopes (fig. 31 1 A) are the rule in Ch roocogc us ((71) p. 310), where 
individual ones are o ften lackip g: a sharp delimitation of this genus 
from Gloeocapsa is impossible. "The species of Aphanocapsa and 
Aphanothece ((471) p. 266), on the other hand, usually appear as large 
colonies (fig. 31 1 H), visible to the naked eye and composed of 
numerous cells, which are rather loosely embedded in structureless 
mucilage and often undergo displacement after division; occasional 
cells or groups of cells may show individual mucilage-envelopes. 
Sometimes {Aphanocapsa Greyillei; Aphanothece stagninUy fig. 31 1 H), 
when the surface-layer of the mucilage is firmer, the colonies acquire 
a definite shape, but more usually they are amorphous Microcystis 
((119), (613) p. 10) comprises mainly planktonic types, ^the relatively 
small microscopic colonies of which contain large numbers of closely 
packed cells (figs. 305 A ; 3 1 1 C) ; in some species the boundary of the 
enveloping mucilage is well defined. In the abundant M. {Clathro- 
cystis) aeruginosa the colonies are often clathrate (fig. 3 1 1 D), although 
their form depends on the degree of water-movemeht (448). The dis- 
tinction between Aphanocapsa and Microcystis is altogether artificial, 
but convenient. In Coelomoron ((84) p. 379) the colonies are hollow, 
with several layers of peripheral cells. At certain times species of 
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Gloeocapsa and Gloeothece lose their well-defined stratified envelopes 
and are then not to be distinguished from small colonies of Aphano- 
capsa and Aphanothece respectively. 



Fig. 31 1. Chroococcaceae. A, Chroococcus turgidus (Kiitz.) Naeg. B, Gloeo- 
capsa montana Kiitz. C, D, Microcystis aeruginosa Kiitz.; C, young and D, 
adult colony. E, Gloeothece confluens Naeg. F, G. linearis Naeg. G, Syne- 
chococcus Cedrorum Sauv. H, I, Aphanothece stagnina (Spreng.) A. Br. ; 
H, two colonies; I, part of one enlarged. J-L, Dactylococcopsis linearis Geitl. ; 
J, colony; K, L, stages in division. M, D. rhaphidioides Hansg. s, mucilage- 
sheath. (A, H, I after Fr^my; B after Wille; C, D after Crow; E, F after 
West; G after Skuja; J-L after Geitler; M after Hansgirg.) 

In Synechocystisy with spherical (fig. 304 I), and SynechococcuSy with 
oblong or cylindrical cells (fig. 31 1 G), the latter occur singly or, after 
division, in pairs. Rhahdoderma ((532) p. 148), with elongate cells usually 
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embedded in diffluent mucilage and tending to remain in rows, is but 
little removed from Synechococcus. Dactylococcopsis (321) is charac- 
terised by the pointed ends of the cells ; the elongate, often fasciculate, 
cells of D. rhaphidioides (fig. 3 1 1 M) form a parallel to those of Ankistro- 
desmus among Chlorophyceae. Division is perpendicular to the long 
axis (fig. 3 1 1 K, L), the daughter-cells growing past one another and 
tending to assume a parallel arrangement ; in Z). linearis (249) juxtaposi- 
tion takes place along perpendicular planes after successive divisions, 
giving characteristic three-dimensional colonies (fig. 31 1 J-L). 

Chroococcus and Gloeocapsay exhibiting division along three planes, 
no doubt represent the more primitive condition, and it is note- 
worthy that, when endospore-formation takes place in Aphanothece 
(fig. 310 A-C), the segmentation is of this type. A similar division 
along three planes, without any subsequent spatial displacement of 
the cells, leads to the co npact cubical colonies distinctive of Eucapsis 
((no); fig. 312 A). The tabular ones of Merismopedia (fig. 312 B), with 
cells distributed in'a "single layer in groups of four, result from di- 
vision along two planes only ; in rare instances the cells possess indi- 
vidual mucilage-envelopes. The plates of Merismopedia are mostly 
small and rarely attain to the dimensions seen in various species of 
Holopedia ((37a) p. 42, (376)), the flat colonies of which are distinguished 
by the irregular arrangement of their cells (fig. 3 12 E), since the planes 
of division show no definite orientation. / Both here and in some 
Merismopedias the cells are elongated at right angles to the surface of 
the plate. ^ Tabular colonies also occur in Tetrapedia ((506) p. 37) 
where, however, the flat, usually quadrate, cells (fig. 312 F) generally 
separate after division. The genus is distinguished by the customary 
constriction of the cells at four equidistant points (fig. 312 F, G), 
along which subsequent division occurs ; the four daughter-cells are 
stated to arise simultaneously (cf. however (246) p. 288). 

The common planktonic genera Coelosphaerium and Gompho- 
sphaeria are characterised by possessing hollow, more or less spherical 
colonies (fig. 312 D, L), with the cells arranged in a single peripheral 
layer. In Gomphosphaeria ((103) p. 180, (53s) p. 16) the obovoid (fig. 312 
K), ellipsoidal or spherical (fig. 312 I) cells are grouped in twos or 
fours near the periphery of a globular or ellipsoidal mass of mucilage 
and are situated at the ends of a system of rather thick forking 
mucilage-strands (fig. 312 I, s) which radiate from the centre of the 
colony. The polarity of the cell is also indicated by the commencement 
of constriction during division on the outer face (cf. Tetrapedia) so 
that many of the cells appear characteristically cordate (fig. 312 K). 
Since the mucilage-strands are stated to consist of the remnants of 
successive split parent-cell membranes, the construction is similar to 
that of Dictyosphaerium (i, p. 165). The colonies of Coelosphaerium 
are often larger, but appear to possess much the same structure ((161), 
(386) p. 76, (542) p. 184, (591), (660) p. 66), although the mucilage-strands 
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tend to gelatinise completely. According to Woronikhin ((633) p. 163) 
the cells in C. Naegelianum are borne at the ends of delicate conical 
tubes, which are open towards the outside. The colonies of Marssoniella 



Fig. 312. Chroococcaceae. A, Eucapsis alpina Clements & Shantz. B, Meris- 
mopedia convoluta Br^b. C, D, H, J, Coelosphaerium duhium Grun.; C, D, 
colonies, in C in process of division; H, J, cells with mucilage-stalks (s). 
E, Holopedia irregularis Lagerh. F, Tetrapedia morsa W. & G. S. West; on 
the left, an end- and on the right, a side-view. G, T. crux-michaeli Reinsch. 
I, Gomphosphaeria lacustris Chod., showing ihe system of mucilage-stalks [s). 
K, G. aponina Kiitz. L, Coelosphaerium Naegelianum Ung. M, Marssoniella 
elegans Lemm. (A after Clements & Shantz; B after Tiffany; C, D after 
Schmula; E after Lagerheim; F after West; G after Reinsch; H, J after 
Woronikhin; I, L, M after G. M. Smith; K after Fr6my.) 

((39q) p. 275) consist of small aggregates of pyriform cells with the 
broader ends directed inwards (fig. 312 M).^ 

A number of chiefly lithophytic Chroococcales, grouped as Ento- 

^ For the Cyanochloridaceae, see p. 860. 
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Fig. 313. Entophysalidaceae. A, B, Entophy sails granulosa Kutz., vertical 
sections of strata, B magnified about 8 times as much as A. C, D, Placoma 
vesiculosa Schousb. ; C, vertical section of a stratum; D, external view of same. 
E, F, Cyanostylon cylindrocellulare GeitI, & Ruttn. ; E, young and F, older 
colony. G-K, Chlorogloea 7 nicrocystoides Geitl. ; G, H, K, vertical sections of 
colonies; I, endospore-formation (e); J, habit. L, Pseudoncobyrsa fluminensis 
Fritsch, section of stratum with akinetes (a). (A-D after Bornet & Thuret; 
E, F after Geitler & Ruttner; L after Fritsch; the rest after Geitler.) 


zone on the sea-shore {Entophysalisy fig. 313 A; Placoma^ fig. 313 D; 
Chlorogloea) or of rocks in freshwater streams and lakes {Pseudonco- 
byrsa, fig. 313 L; Chlorogloea, fig. 313 J). In Entophysalis and 
Placoma (53) the plants consist of numerous Gloeocapsa-\ikt units 
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which, in the extensive crusts of the former (fig. 3 13 B), are disposed in 
upright rows (cf. also (310) p. 490), whilst in the hemispherical or 
convoluted gelatinous masses (fig. 313 D) of the latter such an arrange- 
ment is less marked (fig. 313 C). The older growths of Placoma are 
often hollow. In other genera the cells are not grouped in packets 
and the filamentous tendency is more marked. The small cells of 
Chlorogloea ((240) p. 357, (245) p. 98, (623 a) p. 35) are usually arranged 
in compact, upright, parallel or diverging, rows (fig. 313 G, H, K), 
while in Pseudoncohyrsa ((213) p. 18 1, (241) p. 237) an even more pro- 
nounced seriate arrangement is seen (fig. 313 L). Paracapsa ((444) 
p. 6) differs from the last chiefly in the iron-incrustation of the 
stratum. The filamentous tendency is also indicated by the fact that 
in Entophysalis granulosa ((338) p. 53) and Pseudoncohyrsa fluminensis 
the erect rows are occasionally terminated by enlarged cells which 
appear to be akinetes (fig. 313 L, a). Some Chlorogloeas form endo- 
spores (fig. 313 I, e). 

The development of these forms is incompletely known ((241) p. 207, 
(250) p. 86). A flat crust is primarily produced, since multiplication is 
at first essentially perpendicular to the substratum, but later there is 
mainly extension in the vertical direction by division parallel to the 
latter and thus the upright rows result. 

Cyanostylon ((244) p. 441, (254) p. 383), which has an altogether dif- 
ferent habit, should probably be referred to a distinct family. The cells 
occur singly or in groups and are usually situated at the ends of a 
branching system of mucilage-strands (fig. 313 F), resulting from a one- 
sided secretion of mucilage, as in Hormotila. Unilateral development 
of the mucilage-envelope is occasionally observed in Gloeocapsa ((246) 
p. 180). 


2. Chamaesiphonales 

The general characteristics of the two chief genera, Dermocarpa (inch 
Cyanocystis (58) p. 308) and Chamaesiphon^ have already been con- 
sidered (pp. 812, 813); Dermocarpa is largely marine, while Chamae- 
siphon is widely distributed in fresh waters, its species being important 
constituents of the lithophytic flora of streams ((213), (243), (s6o) p. 38). 
A one-celled Chroococcus differs from a Dermocarpa chiefly in the 
epiphytic habit, as well as in the more or less marked polarity of the 
latter and the customary propagation by endospores. This method 
of multiplication, however, also occurs in Chroococcus-Yik^ forms. 
Geitler ((254) p. 386) describes a genus Chroococcidium, which is to all 
intents and purposes a Chroococcus, occasional cells of which multiply 
by endospores (fig. 310 O, P). This is stated to differ from the 
‘‘nannocyte-formation*’ (cf. p. 812) of diverse Chroococcales, but 
the only apparent difference is that such endospore-formation usually 
occurs in all the cells of a stratum; differences in reproductive 
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potentiality between adjacent cells are, however, widespread among 
Algae. 

The establishment of a distinct family^ for Chroococcidiutn appears 
quite unwarranted, and it is difficult to find a valid reason for not 
including it in Chroococcus, Another form, described ((254) p. 391) 
as Chroococcidiopsis (fig. 310 Q), shows similar endospore-formation, 
bm lacks a mucil a g^-pnvplQp^ -ajxd.^ n far nn vpgptfltivp ^division h as 
B^n observed,. Whatever its generic status may be, both it and the 
other alga must be regarded as members of Chroococcaceae. The only 
difference between ChropcocddiQpsis and certain Dermqcarpai (e.g. 
D. sphaerica^ fig. 316 P), with practically spherical cells, lies in the 
epiphytic habit of the latter. The two species just discussed constitute 
valuable connecting links between Chr oococc ales and Chamae^- 
phonales. ^ - 

In species of Dermocarpa with elongate cells (e.g. D, protea (232) 
p. 456; fig. 316 Q) several transverse divisions may take place (see *) 
before segmentation sets in in other planes. The freshwater epiphyte 
Clastidium, in which the apex of the cell is produced into a delicate 
mucilage-bristle (fig. 315 I), forms endospores {en) in a single row by 
transverse division only ; in C. rivulare Hansg. they are, as in Dermo- 
carpa incrassata (p. 812), commonly formed only by the upper half 
of the protoplast ((246) p. 410). During the formation of endospores 
in Clastidium the cell continues to lengthen. This feature is more 
marked in the related genus Stichosiphon ((246) p. 41 1 , (254) p. 392, (50O), 
where the older cells reach an appreciable length and segment trans- 
versely to form a row of endospores (fig. 315 P, Q, en) which are 
liberated by gelatinisation of the apex of the parent-membrane (fig. 
315 R). Endonema (p. 812), at present only recorded from Bohemia, 
may perhaps belong to this affinity. The unbranched filaments ^ are 
attached by a special basal cell (fig. 310 U, and there is an elongate 
terminal cell. 

Siphononema ((240) p. 332), as yet only recorded from mountain 
streams in Austria and from the Rhine ((330) p. 126), is characterised 
by its marked polymorphism. The juvenile stages (fig. 314 A) consist of 
elongate ChamaesiphonAike cells attached basally ; in older individuals 
the membrane acquires a yellow-brown colour. As these cells lengthen, 
the contents undergo successive endogenous division, mainly in the 
transverse plane, to form a row of elongate endospores (fig. 314 B-D). 
Ultimately, by progressive segmentation of this type, the individual 
may come to contain a row of discoid biconvex cells (fig. 314 G). At 
this stage there is considerable resemblance to Endonema, In the further 
course of events, however, the cells divide along three planes (fig. 314 

^ See also (652) p. 136. The suggestion to refer Gloeocapsa crepidinutn, 
owing to its frequent endospore-formation, as a separate genus Gloeocapsidium 
to this family is open to equally grave objections. 

* Similar filaments occur in Sokolovia (158) which is possibly not a blue- 
green alga at all ((254) p. 430). 




Fig. 314. Siphononema polonicum Geitl. (after Geitler). A, two young indi- 
viduals; B-D, G, septation; E, F, H, formation of Gloeocapsa-Mkt packets, 
the arrows in F showing points at which exospores have been liberated; 
I, gloeocapsoid state in which certain cells (6) are forming growths comparable 
to those of the juvenile condition; J, row of akinetes (a); K, Pleurocapsa- 
stage; L, formation of exospores from gloeocapsoid stage, en, endospores; 
eXy exospores. 

at the summit and, in older plants, the individual packets may separate 
from one another. Certain cells in the packets may lengthen (fig. 314 I, 
b) and in these endospore-formation (en) takes place as in the juvenile 
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stage, while other cells produce exospores (fig. 314 F, L, ex) after the 
manner characteristic of Chamaesiphon. The author also describes stages 
resembling Pleurocapsa in which short upright groups of cells, showing 
apparent dichotomy and possessed of brown-coloured brittle envelopes, 
are laterally fused with one another (fig. 314 K), but it does not appear 
to be fully established that they belong to the same alga. 

This remarkable form may well be a further development of the 
tendency to form linear rows of endospores evident in Stichosiphotiy 
complicated by the production of Gloeocapsa-stages and adoption of 
the mode of exospore-formation typical of Chamaesiphon (cf. also (652) 
p. 138). Geitler records akinetes in the juvenile" stage (fig. 314 J). 

Chamaesiphon^ which is distinguished from the Dermocarpaceae 
by the production of exospores (fig. 310 K-N and p. 813), is also of 
interest because of the colonial development shown by certain species 
((213) p. 176, (240) p. 322, (560) p. 34). The small exospores of C.fuscus 
(%• 3^5 ^)y which forms dark patches on stones in cold streams, 

germinate at the aperture of the pseudovagina (p) and so give rise to 
characteristic dendroid colonies (fig. 315 B-D), similar to those of 
Ecballocystis (i, p. 134) or Ophiocytium (i, p. 491). The brown- 
coloured pseudovaginae consist of successive thimble-shaped pieces, 
fitting into one another (fig. 315 A, E). Simultaneous development of 
the spores in a series of adjacent individuals leads to the production 
of stratified growths. In other species (C. polymorphuSy fig. 315 G; 
C. pseudo-polymorphus Fritsch) the relatively large exospores (e) are 
retained in situ by mucilage ; since the new individuals in their turn 
abstrict spores, long chains may arise, simulating a filamentous con- 
struction (fig. 315 F, H). In C. polymorphus the spores are often 
formed endogenously, before the membrane ruptures (fig. 315 H), 
which demonstrates the close relation between exo- and endospores 
(cf. p. 813). 

The species of ChamaesiphoUy and to a less extent those of Dermo- 
carpUy often occur in dense strata, although it is not known how these 
are produced. In Chamaesiphonopsis ((213) p. 173), which is wide- 
spread in British streams, the individuals are so densely aggregated 
that their contour is often polygonal (fig. 314 K, L), and a possible 
origin by direct division is suggested; no pseudovagina is recognisable 

(%• 314 j)- 


3. PlEUROCAPSALES ((241) p. 208, (652) p. 138) 

This series of attached forms is distinguished by its heterotrichous 
habit. In the more typical representatives this results in the formation 
of microscopic crusts (Radaisia) or hemispherical cushions {Onco- 
byrsUy fig. 316 L) or of extensive growths visible to the naked eye 
{Pleurocapsa),^ Species of Pleurocapsa are widely distributed marine 

^ Cf. also Cyanodermatium ((254) p. 408 ), It is difficult to find an adequate 
basis for separating this genus from Pleurocapsa. 




Fig- 315* Chamaesiphonales. A-E, Chamaesiphon fuscus (Rostaf.) Hansg. ; 
A, single cell with pseudovagina; B-D, colony-formation; E, empty pseudo- 
vagina, in which the inner layers have become mucilaginous. F-H, C. poly- 
morphus Geitl.; F, row of exospores germinating in situ; G, stage in colony- 
formation; H, stratum in profile, with endogenous exospores. I, Clastidium 
setigerum Kirchn., on the left a vegetative individual; in those forming spores 
the enveloping membrane is omitted. J-L, Chamaesiphonopsis regularis 
Fritsch; J, edge of stratum with exospore-formation; K, basal layer of older 
stratum in surface-view ; L, oblique surface-view. M-R, Stichosiphon 
regularis Geitl.; M-P, successively older individuals; Q, R, liberation of 
endospores. e, exospores ; en, endospores ; />, pseudovagina. (I after Kirchner ; 
J-L after Fritsch; M-Q after Geitler & Ruttner; the rest after Geitler.) 
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lithophytes inhabiting the upper part of the shore ; they are also found 
in the littoral region of lakes, as well as in rapid streams, all well- 
aerated habitats. The few species of Oncohyrsa occur on diverse fresh- 
water substrata. Most of the Radaisias are marine epiphytes. 

Pleurocapsa minors the only species of the genus that has been 
adequately studied ((240) p. 343, (246) p. 348), at first consists of a 
simple thread creeping over the substratum (fig. 316 A). Later this 
branches (fig. 316 B, D) and gives rise to a pseudo-parenchymatous 
prostrate system (fig. 316 E-G). Development may cease at this 
stage, although as a general rule densely aggregated erect threads 
arise from this basal system so that a crust is formed (fig. 316 H). 
Growth seems to be apical throughout. The erect threads not un- 
commonly bear branches which, as a result of evection, appear as 
dichotomies (see the arrow in fig. 316 H); true dichotomy and tetra- 
chotomy are also recorded ((241) p. 209). The cells of the erect system 
may segment along three planes or divide obliquely, so that the 
filamentous construction is obscured. This may be combined with 
gelatinisation and result in chroococcoid groupings, a change which 
apparently occurs more commonly in the marine species.^ 

Oncohyrsa ((213) p. 185, (240) p. 350) and Radaisia (518)2 show much 
the same structure, but in both the erect system tends to be better 
defined. In Oncohyrsa (fig. 316 N) the filaments are frequently well 
branched so that they exhibit a radiating arrangement (fig. 316 L), 
while the little-branched erect threads of Radaisia (fig. 317 A) 
usually show marked gelatinisation of the walls so that the spherical 
cells appear isolated. Endospores (cf. p. 81 1) are known only in 
Pleurocapsa and Radaisia, In the former they are produced in 
terminal or more rarely in intercalary cells (figs. 310 D; 316 J), while 
those of the latter develop within much enlarged terminal sporangia 
(fig. 317 A, s). The statement ((170) p. 362) that the endospores of 
Pleurocapsa are formed simultaneously requires verification. 

In other Pleurocapsaceae the filamentous character is less clearly 
marked. The commonest of these is the ill-defined genus Xenococcus 
((54) p. 75, (213) p. 186, (240) p. 348, (287) p. Ill), with a few freshwater 
and a number of marine epiphytic species. Here there is often merely 
a pseudo-parenchymatous basal stratum without obvious filamentous 
structure (fig. 317 C, E), although it may produce short upright forked 
threads uniting to form a compact crust (fig. 317 B), when the habit 
resembles that of Oncohyrsa, Endospores, which are only known in a 
few instances, are formed in the youngest cells at the margin of the 
basal system or at the ends of the erect threads. In certain species of 

^ Ercegovic ((170) p. 364) would restrict the genus Pleurocapsa to forms 
showing these characteristics and refers the filamentous types to his genus 
Scopulonema (p. 827). The interrelation of these diverse stages is at present 
not clear enough to admit of any definite pronouncement on this point. 

* Nematoradaisia and Radaisiella ((246) p. 342) are scarcely sufficiently 
distinguished from Radaisia to merit generic status. 
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Fig. 316. A-O, Pleurocapsales. h-Ky ,Plmrocapsa minor Hansg. emend. 
Geitl.; A, B, creeping threads; C-G, formation of a pseudo-parenchymatous 
expanse; H, vertical section of a stratum with branched erect threads — the 
arrow indicates a pseudo-dichotomy; I, surface-view of stratum; J, formation 
of endospores {en)\ K, septate sporangium. L-O, Oncobyrsa rivularis (Kiitz.) 
Menegh. ; L, strata on thread of Cladophora \ M, young basal layer; N, vertical 
section; O, old basal layer. P, Dermocarpa sphaerica Setch. & Gardn. 
Q, D. protea Setch. & Gardn. by basal and e, erect systems; en, endospores. 
(P, Q after Setchell & Gardner; the rest after Geitler.) 
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Xenococcus the cells of the basal stratum are only loosely associated and 
the alga may present a colonial, rather than a filamentous aspect (fig. 
317 D, F-I). This is more marked in Chroococcopsis ((240) p. 342), where 
the cells are aggregated in compact groups without evidence of polarity 



Fig. 317. Pleurocapsales. A, Radaisia Gomontiana Sauv., vertical section of 
a stratum with sporangia (5). B-E, Xenococcus Kerneri Hansg. ; B, vertical 
section of a several-layered stratum; C, old stratum from the surface; D, 
group of loosely connected cells and E, stratum on Spirogyra sp. F—I, 
X, chroococcoides Fritsch. J, K, Chroococcopsis gigantea Geitl. ; J, cell with 
endospores {en)\ K, group of cells, b, basal and e, erect systems; /z, sub- 
stratum; Sy sporangium. (A after Sauvageau; B, C, J, K after Geitler; D, E 
after Fritsch & Rich; F-I after Fritsch.) 

(fig. 317 K) and only occasionally form short rows. This is probably a 
specialised type, parallel to similar reduced forms in other hetero- 
trichous series. Myxosarcina ((244) p. 443, (254) p. 387, (498) p. 35) per- 
haps belongs to the same affinity. 

A different structure and habit is met with in Hyella ((50) p. 162, 
(51) p. clxv, (103) p. 446, (194) p. 61, (198) p. 49, (318), (385)), which is a 
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characteristic and widespread member of the perforating community 
(p. 866) inhabiting diverse calcareous substrata, upon which growths 
of various colours are formed ; both marine and freshwater species are 
known. The genus constitutes a parallel to Gomontia among Chaeto- 
phorales (i, p. 271). Within the outer layers of Mollusc shells the 
alga forms irregular canals, which at first radiate from a centre. The 
thallus (fig. 318 A) is differentiated into a system of threads that 
spread over the substratum or occupy its periphery {b\ and numerous 
perforating rhizoid-like filaments with elongate {H. caespitosa^ fig. 
318 A, /)) or short (if. Balani) cells that burrow into the calcareous 
substance; the branching of the endolithic threads appears to be 
essentially lateral. The thick septa are stated to consist of cellulose 
((263) p. 230). The prostrate system is formed first (fig. 318 D), and 
the penetrating threads arise from it secondarily. The well-branched 
filaments of the former are in part multiseriate ; their cells possess 
thick mucilaginous membranes and show a tendency to separate into 
chroococcoid groups. The often large sporangia, which develop from 
intercalary or terminal cells of the prostrate system (fig. 318 G-J, sp), 
produce numerous endospores {e) by successive division. 

Comparable forms, in which the penetrating threads occupy the 
tissues of other Algae (especially Florideae), have been referred to a 
separate genus, Myxohyella ((241) p. 246, (246) p. 379, (310)). The fila- 
ments are often largely endophytic (as in M. endophytica (Boerges.) 
Geitl. (32) p. 525) and multiseriate. 

Several other endolithic genera have been described by Ercegovid 
from the Dalmatian coast and are apparently widespread wherever 
dolomitic or other calcareous rocks occur in the Mediterranean ((22) 
p. 55, (198)). They present many points of similarity to Hyella and are 
regarded by some authorities ((437) p. 843) merely as forms of if. 
caespitosa (cf. however (174)). In Scopulonema ((170) p. 365) the two 
systems of threads are much alike (fig. 318 C), although the epilithic 
ones (b) soon divide to form a mass of polygonal cells (fig. 318 F). 
Dalmatella (167) is distinguished by the multiseriate character and di- 
chotomous branching of the endolithic filaments (fig. 318 B, p)\ the 
rounded cells of the epilithic threads {h) are often irregularly arranged. 
In Solentia ((170) p. 368) the cells of the elongate perforating threads 
(fig. 3 1 8 L) are separated by long stretches of thick lamellate membrane 
(fig. 318 K; cf. Cyanostylofi , p. 819), while the first-formed epilithic 
system appears to be very scanty. Hormathonema ((169) p. 165, (170) 
p. 369, (198) p. 29) is very similar, but here the short endolithic threads 
branch by protrusion of occasional cells, owing to one-sided secretion 
of mucilage (fig. 318 O). 

It is at present not possible to say how far these diverse perforating 
types are interrelated, or what is their affinity to other Pleurocapsales. 
The basal . system of Pleurocapsa minor occasionally produces on its 
under side short filaments that penetrate into calcareous substrata, 
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Fig. 318. Pleurocapsales. A, D, G-J, Hyella caespitosa Born. & Flah.; 
A, basal system and penetrating threads ; D, young stages formed from endo- 
spores; G-J, threads with sporangia. B, Dalmatella Buaenensis Erceg., basal 
system and penetrating threads. C, E, F, Scopulonema Hansgirgianum Erceg. ; 
C, basal system with sporangia and penetrating threads; E, apex of a pene- 
trating thread; F, part of basal system. K-N, Solentia stratosa Erceg.; 
K, part of a penetrating thread; L, habit of a small plant; M, N, sporangia. 
O, Hormathonema paulocellulare Erceg. by basal and py penetrating systems ; 
e, endospores; spy sporangia. (A, D, G-J after Bornet & Flahault; the rest 
after Ercegovi( 5 .) 
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and this perhaps gives the key to the origin of forms of the Hyella- 
type. However that may be, the Pleurocapsales are a well-defined 
series, and it may be doubted whether they have any close relationship 
with the Chamaesiphonales. 

4. NoSTOCALES (241) 

The varied assemblage of filamentous types included in the Hormo- 
goneae of Thuret (583) naturally falls into two distinct morphological 
groups, the Nostocales and Stigonematales of Geitler (cf. also (156)). 
The distinction, primarily founded on the method of branching, is, 
as a result of comparison with other classes of Algae, seen to be more 
profound and therefore, although since abandoned by Geitler ((246) 
p. 105), I propose to retain it. The several families that are recog- 
nisable among Nostocales have as their only common characteristic 
the multiplication by hormogonia (p. 804). The unit of construction 
is the trichome, a row of undifferentiated and commonly flat cells 
(fig. 319), separated from one another merely by the often delicate 
inner investment; if this is but a little modified plasma-membrane 
(p. 788), protoplasmic continuity between cell and cell may be 
assumed. The thread of an Oscillatoria can in fact be interpreted as 
an imperfectly septate unicellular individual ((nS) p. 85, (12s), (427) 
p. 226) which constitutes a single unit. The continuity of the tri- 
chomes is broken by the formation of concave cells and separation- 
discs (p. 806), as well as by the production of heterocysts which are 
found in most Nostocales, apart from Oscillatoriaceae. The mucilage- 
investments, though varying greatly in degree of consistency, are no 
doubt the direct homologues of the envelopes of Chroococcales. 

Oscillatoriaceae (264-5) 

These, the simplest members of the order, like the heterocystous 
Nostocaceae, possess unbranched trichomes. The limits of many 
genera are arbitrary and borderline forms are often difficult to classify. 
In Oscillatoria (fig. 319 B-F) the trichomes appear naked, although 
the diffluent mucilage-envelope formed during movement is no doubt 
usually present ; in a few species (e.g. O. Agardhii Gom.) it is better 
defined, though always tenuous ((102) p. 348, (263) p. 222, (453) p. 245). 
Trichodesmium ((265) p. 193), included in Oscillatoria by Geitler, only 
differs in the aggregation of the trichomes into floating bundles. \In 
Lyngbya (isA ) p. 133) the sheath is firmer (fig. 319 I) and usually more 
robust ; it sometimes exhibits marked lamellation and may attain to 
appreciable thickness. Katagnymene ((389) p. 354), a frequent plankton 
form in warmer seas, occurs as isolated trichomes with a soft diffluent 
sheath (fig. 320 B), while Proterendothrix ((616) p. 229) is distinguished 
by its epiph5^ic habit (fig. 320 F). 
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Species of Oscillatoria and Lyngbya frequently form extensive 
strata in which, however, a filamentous texture is always preserved. 
The growths of Phormidium ((262), (265) p. 157), on the other hand, 
appear as membranous, coriaceous or gelatinous sheets (fig. 334 B), 
in which a filamentous structure is only recognisable under the micro- 
scope. They are produced by the, often almost complete, gelatinisation 
of the sheaths of the individual filaments to form an amorphous 
mucus within which the numerous trichomes are embedded. 
Phormidium stands in the same relation to Lyngbya as an Aphanocapsa 
does to a Gloeocapsa, 

In these and other Oscillatoriaceae nearly all the cells, except for a 
variable number of the terminal ones, are capable of growth and di- 
vision (cf. p. 790). The terminal cells, and especially that occupying the 
apex of the trichome, often show attenuation (fig. 319 B, C) and a less 
deep pigmentation; they are possibly always dead or moribund ((76) 
p. 8). The end cell frequently has a distinctive shape, being rounded 
or conical (figs. 308 G; 319 J) and more or less dilated {capitate tri- 
chomes, fig. 319 B, C), while the outer surface is commonly covered by 
a thickened hood (calyptrUy fig. 319 C-E, K, c ; (264) p. 278), which is 
no doubt protective in function. The nature of the calyptra is obscure ; 
it may represent an actual thickening of the membrane or be the remains 
of a collapsed cell ((76) p. 9). In certain species the terminal cell is 
almost regularly occupied by filamentous Bacteria ((264) p. 279) which 
appear as a number of fine hairs. The end of the trichome is not un- 
commonly bent to one side (fig. 319 C, K) or spirally twisted. The 
diverse modifications of the tips are of importance in specific distinc- 
tion, but, owing to the usual presence of many immature trichomes de- 
veloping from hormogonia, only a small percentage usually show the 
typical characteristics. 

In the series of related genera above discussed the hormogonia are 
usually liberated soon after formation, but in another set of forms (the 
Vaginarieae of Gomont, (264) p. 290) some at least germinate in situ 
within the sheath which is usually wide and soft. As a result several 
{Hydrocoleus y SchizothriXy fig. 319 A) or many {Microcoleus y fig. 319 
L; (53) p. 5) trichomes occur within the latter. The process of multi- 
plication within the sheath is essentially one of fragmentation, un- 
combined with movement. In Hydrocoleus and Schizothrix some of 
the trichomes tend to grow out laterally and, continuing to secrete 
a sheath, give the filaments a branched character (fig. 319 A); this 


Fig. 319. Oscillatoriaceae. A, Schizothrix Lamyi Gom. B, Oscillatoria 
splendida Grev. C, O. proboscidea Gom. D, O. limosa Ag. E, O. irrigua 
Kvitz. F, O. tenuis Ag. G, Spirulina princeps W. & G. S. West. H, I, Lyngbya 
majuscula Harv. ; H, part of a tuft; I, apex of a filament. J, L, Microcoleus 
chthonoplastes Thur. ; J, apex of a filament; L; entire filament on a smaller 
scale. K, Phormidium uncinatum Gom., apex of a trichome. c\ calyptra; 
gy granules; s, sheath; t, trichome. (B-F, K after Gomont; G after Lowe; the 
rest after Fr^my.) 
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is unusual in Microcoleus. Hydrocoleus differs from Schizothrix 
mainly in the diffluent character of the older sheaths which some- 
times become confluent affording PhormidiumAikt strata. Among the 
numerous species of Schizothrix some form prostrate wefts (e.g. 
S. coriacea)^ others erect-growing tufts {S. fragilis) ; the sheaths are 
either colourless or brightly coloured. Towards the tips the sheaths 
are commonly empty owing to escape of hormogonia and, as a result, 
they collapse and appear pointed (fig. 319 A). Several of the sub- 
merged species (sometimes grouped in a distinct genus Inactis) form 
cushions or hemispherical growths (fig. 334 C), which not uncommonly 
exhibit zonation indicative of periodic development (e.g. the marine 
S, Creswellii Harv. (297^*) pi. 160; S. lacustris A. Br.); many of these 
exhibit calcification. 

Several other genera are distinguished by rather trivial differences. 
Among these Porphyrosiphon^ the filaments of which have thick strati- 
fied sheaths frayed near their tips (fig. 3Z0 C), merits mention. P. Nota- 
risiiy in which the sheaths are deep red, commonly forms wefts on damp 
soil, especially in the warmer parts of the earth. According to Fr^my 
((194) p. 120) there are sometimes two trichomes within a sheath and 
false branching (p. 842) may occur. The latter feature is also met with 
in Symplocdy where the filaments (fig. 320 H) at first form a dense pro- 
strate weft, giving rise later to numerous erect tufts, which are often 
visible to the naked eye (fig. 320 G, I). Similar tufts may be formed by 
other Oscillatoriaceae under cultural conditions (412). 

A number of more divergent types are known. Crinalium ((123), (653) 
p. 393 ; fig. 320 E) and Gomontiella ((577) ; fig. 320 J) are distinguished by 
flattening of the trichomes, which are longitudinally inrolled in the latter 
genus (fig. 320K) ; neither has a distinct sheath. Certain Oscillatoriaceae, 
in part planktonic forms (e.g. Lyngbya contortay fig. 320 A), have spirally 
coiled filaments, a feature which is very marked in Arthrospira and 
Spirulina. The successive coils are either far apart (fig. 320 D) or close 
together (fig. 319 G), although there may be appreciable differences in 
this respect in one and the same species (507). Spirulina (fig. 319 G) was 
long reserved for forms with narrower trichomes which appeared to 
lack septation, but recent studies have shown that in many of these 
septa are demonstrable after prolonged staining with neutral red ((184), 
(230) p. 378, (528), (644) p. 35) and the species of Arthrospira are now often 
included in Spirulina. According to Crow ((122) p. 141), however, 
certain species of both genera (e.g. S. princeps West) are aseptate (cf. 
also (149) p. 193), and it is suggested that the name Spirulina be reserved 
for these, the septate forms being referred to Arthrospira. If this con- 
tention be correct, this series of forms would afford a striking example 
of a transition from the unicellular to the ihulticellular condition. 


Nostocaceae (49 » 55 » 56) 

The filaments of Nostocaceae exhibit diffuse growth like those of 
Oscillatoriaceae, but are distinguished by the differentiation of 



Fig. 320. Oscillatoriaceae. A, Lyngbya contorta Lemm. B, Katagnymene 
palustris G. S. West. C, Porphyrosiphon Notarisii Kiitz. D, Spirulinajenneri 
Stizenb. E, Crinalium endophyticum Crow. F, Proterendothrix scolecoidea 
W. & G. S. West, on Porphyrosiphon. G— I, Symploca hydnoides Kiitz.; G, 
apex of a tuft, diagrammatic; H, apex of a filament; I, vertical section of a 
stratum. J, K, Gomontiella subtubulosa Teod. ; J, trichome; K, section of 
same, g^ granules; s, sheath. (A after G. M. Smith; B, F after W. & G. S. 
West; D after Gomont; E after Crow; J, K after Teodoresco; the rest after 
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heterocysts and the frequent production of akinetes. Another charac- 
teristic is the often marked constriction between the individual cells, 
which gives the trichomes a moniliform appearance (fig. 321 A, D). 
Isocystis ((55) p. 264, (56)) and Pseudanabaena ((382) p. 437), which have 
trichomes of this type devoid of heterocysts, are often included in 
Oscillatoriaceae. They are, however, more probably non-hetero- 
cystous Nostocaceae, the more as Isocystis forms chains of akinetes 
as in other members of this family. Both genera are suspect and may 
merely comprise hormogonia in which production of heterocysts is 
long delayed. Anabaena constricta (Szafer) Geitl., which has been 
referred to Pseudanabaena, only rarely forms heterocysts ((84) p. 393, 
(357) p. 642). 

The moniliform character is well seen in Anabaena ((9O p. 36, (333) 
p. 120), where the trichomes either occur singly, as in many of the 
planktonic species (fig. 305 B), or form an ill-defined stratum ; several 
trichomes may then occur within a soft mucilaginous sheath ((218) 
p. 87), but this does not justify a reference to Wollea (677) or to 
a distinct genus (500). Diffuse aggregates are also met with in Nodu- 
laria ((54) p. 123), distinguished by the discoid cells and heterocysts 
and by the frequent presence of a sheath around the trichomes (fig. 
321 G, H, L). Aphanizomenon ((2), (296) p. 78, (su), (613) p. 12, (669)), a 
frequent plankton form, possesses straight Oscillatoria-\^Q trichomes 
(fig. 321 B) which are aggregated into bundles (fig. 321 C), often of 
considerable size ; the slightly attenuated extremities are occupied by 
elongate colourless cells. At certain times of the year the threads of 
Aphanizomenon lack heterocysts ((390) p. 141). In all three genera 
akinete-formation usually commences midway between two hetero- 
cysts (figs. 309 A; 321 B, H), but in some Anabaenas (e.g. A. oscil- 
larioides, figs. 309 E; 321 D) the first spores almost invariably lie 
adjacent to the latter (cf. Cylindrospermum), 

In Nostoc ((54) p. 80, (234), (484), (S19)) innumerable, usually con- 
torted, threads (fig. 321 A) are aggregated within mucilage, with a 
more or less firm boundary {su), so that colonies of a more definite 
stamp result. At first they are mostly spherical ((49) p. 182), and this 
general shape may be retained, as in the globular or ellipsoidal 
colonies of TV. pruniforme Ag., which may reach the size of a hen*s egg. 


aquae (L.) Ralfs; B, trichome with akinetes {a)\ C, bundle of trichomes. 
D, Anabaena oscillarioides Bory, trichome with akinetes (a). E, Anabaenopsis 
Milleri Woron., with akinetes (a). G, H, Nodularia sphaerocarpa Born. & 
Flah. ; G, vegetative and H, with akinetes («). I, Aulosira laxa Kirchn., two 
filaments. J, K, Wollea saccata (Wolle) Born. & Flah.; J, group of colonies, 
natural size; K, trichomes with akinetes (a). L, Nodularia tenuis G. S. West. 
a, akinetes; h, heterocysts; s, sheath; su, surface-mucilage of colony. (A after 
Fr^my; B, C after Lemmermann; D, G, H after Skuja; E after Woronikhin; 
F after G. S. West; I after Bornet & Flahault; J, K after Wolle; L after 
Fritsch & Rich.) 
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More commonly, however, the spheres break open as they get larger 
and give rise to flat, lobed expanses, as in N. commune Vauch., N, 
Linckia (fig. 321 F), etc. There is sometimes considerable diversity 
in the outward form of the colonies (e.g. N, Zetterstedtii (446)). The 
sheaths of the individual trichomes are usually yellow or brown, but 
are mostly recognisable only in the peripheral parts (fig. 321 A, s). 
Production of hormogonia or of akinetes generally takes place almost 
simultaneously throughout a colony (cf. however (445)). Akincte- 
formation usually commences midway between two heterocysts (fig. 
321 A, a). 

A striking growth-form is txhihitcdhy Nostocflagelliforme{{s^) p. 121), 
which Elenkin (159) regards as a distinct genus (Nmnatonostoc)^ whereas 
Bornet and Flahault ((49) p. 206) list it as a variety of N. commune. The 
thallus here takes the form of narrow strands, within which the tri- 
chomes show a parallel arrangement. Large numbers of these strands 
are interlaced to form loose-lying masses, which often attain to con- 
siderable dimensions. This form is widespread on sandy soils in Asia, 
where it constitutes a source of food; it is recorded also from Texas 
((298) p. 1 15). Vegetative reproduction is effected by division of the 
cells in all directions, the groups thus formed being surrounded by the 
sheath of the parent-thread. 

Another unusual growth-form is seen in Wollea^ recorded from North 
America ((49) p. 223) and India (677). The tubular colonies, which are up 
to 10 cm. long, are at first attached (fig. 321 J) but later become free- 
floating. The trichomes are approximately parallel (fig. 321 K), while the 
akinetes {a) exhibit a variable position with reference to the heterocysts. 

In H or mothamnion {{202) p, ( 274 )p. 31 , (575) p. 48), so far recorded only 
from warmer seas, anabaenoid threads are agglutinated by their sheaths 
to form prostrate wefts, from which Symploca-\ike tufts later arise. 

Cylindrospermum (fig. 309 M- 0 ; (26), (150, (194) p. 407, (259), (sSa) 
p. 25) and Anabaenopsis (fig. 307 A, B; (10), (414), (499), (576)) possess 
terminal one-pored heterocysts, usually situated at each end of the 
thread, although in the former fragmentation, unaccompanied by 
heterocyst-formation, often results in relatively short threads with a 
heterocyst only at one end (fig. 309 M, N). Cylindrospermum, several 
species of which inhabit soil, is also characterised by its large akinetes 
(fig. 309 D, M- 0 , a), which usually occur singly next to the hetero- 
cysts, though forming rows in C. catenatum Ralfs. The thread pro- 
duced from an akinete sooner or later differentiates a heterocyst at 
each end. In Anabaenopsis, which is not sharply distinguished from 
Anabaena ((26) p. 123, (246) p. 805), the akinetes originate in the middle 
of the short trichomes (fig. 321 E, a). The heterocysts arise in pairs 
by unequal division of two adjacent cells (fig. 307 A, h). 

The polar differentiation, indicated in the two preceding genera, is 
more marked in Microchaete ((18), (54) p. 128, (491) p. 153, (583) p. 378) 
whose exact affinities are not clear. The filaments (fig. 322 J) possess a 
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basal heterocyst (A), while the opposite extremity shows slight attenua- 
tion ; there is usually a firm sheath around the trichome. Akinetes have 
been observed only in the freshwater species and usually differentiate 
from the cells next to the heterocyst. Except for the absence of marked 
attenuation, there is considerable resemblance to Calothrix among 
Rivulariaceae. Intercalary heterocysts and false branches occur in 
certain species. 

The only feature that Aulosira ((26) p. 123, (4s), (392) p. 622) has in 
common with Microchaete is the firm well-defined sheath (fig. 321 I); 
in other respects it is much like an Anabaena, possessing intercalary 
heterocysts and forming similar akinetes. Bharadwaja ((26) p. 139) 
describes forms, apparently belonging to this genus, in which, as a 
result of the germination of hormogonia in situ, plentiful false branching 
occurs ; they approach Scytonemataceae. It may be doubted whether 
Aulosira has any direct affinity with Microchaete ^ with which it is usually 
classed. 

Rivulariaceae ((46) pp. 338, 343, (58)) 

Distinctive of this family are the whip-like trichomes (fig. 323 C, F), 
which are relatively broad at one end, where they are often attached 
to some substratum, while towards the other they taper more or less 
markedly and are commonly produced into a colourless multicellular 
hair Qi), One or more heterocysts (fig. 323 F, he) usually occupy the 
broader extremity, while in several genera intercalary heterocysts are 
also present (fig. 306 F, h). Growth may be trichothallic ((250) p. loi, 
(544) p. 381) and effected by a meristem of flat cells (fig. 324 H, I, m) 
situated at the base of the hair, although it is uncertain how wide- 
spread this is ; diverse investigators speak of frequent divisions in the 
basal cells ((ho) p. 559, (458) p. 519, (608) p. 403). Hormogonia are 
normally produced from the part of the trichome beneath the ter- 
minal hair (fig. 323 A-C, ho), which is shed as they develop; germi- 
nating akinetes also give rise to hormogonia. As the hormogonia 
grow, they gradually taper towards either extremity and ultimately 
break across into two or more trichomes, each with a basal heterocyst. 
The marked distinction between base and apex is thus secondary. 
As regards the position in which heterocysts differentiate within the 
hormogonium, the Rivulariaceae are the exact antithesis of a Cylindro- 
spermum. The akinetes found in Gloeotnchia (fig. 324 E, a) and in 
certain species of Calothrix always arise next to the heterocysts. 

Hammatoidea ((13) p. 16, (617) p. 506), in which the bent trichomes 
are attenuated at each end and heterocysts are lacking (fig. 322 A, B), 
may represent a permanent juvenile condition. The same may be true 
of Raphidiopsis (fig. 322 C-I ; (153) p. 660, (218) p. 91, (670), (671) p. 23), 
where akinetes {a) occur in the middle of the short Dactylococcopsis- 
like threads. Both genera suggest a derivation from forms like 
Oscillatoriaceae (672) or, in the case of Raphidiopsis, even from uni- 
cellular types. 
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In many Riviilariaceae the filaments exhibit false branching ((140) 
p. 584; fig. 323 F). This is due to outgrowth of the lower part of a 
trichome (fig. 323 I, hr)^ commonly beneath an intercalary heterocyst 
{he)y the new growth gradually becoming aligned with the underlying 



Fig. 322. A, B, Hammatoidea NormanniV^ . & G. S. West, two filaments, that 
in A branching. C-I, Raphidiopsis curvata Fritsch & Rich. J, Microchaete 
grisea Thur. <2, akinete; /i, heterocyst; j, sheath. (A, B after G. S. West; 
J after Bornet; the rest after Fritsch & Rich.) 

portion of the main trichome (fig. 323 J), while the upper part of the 
latter (^) is turned aside and appears as the “ branch This may take 
place again and again, as in certain species of Calothrix and in 
Dichothrix (fig. 323 E), so that a sympodial construction is realised’ 


Fig. 323. Rivulariaceae, A, Amphithrix janthina Bom. & Flah. B, Lepto- 
chaete marina Hansg. C, Homoeothrix Juliana (Menegh.) Kirchn. D-F, 
Dichothrix orsiniana Born. & Flah. var. africana Fr^my; D, habit; E, small 
part on a larger scale; F, group of branching filaments. G, H, Calothrix 
parietina Thur. I, J, diagrams to show successive stages in branching of 
filaments of Rivulariaceae. 6, basal system; fer, branch; hy hair-termination 
of trichome ; he^ heterocyst ; hOy hormogonium ; Sy sheath ; ty terminal part of 
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It is, however, only in genera like these with relatively firm sheaths 
that the details of branching remain apparent. In those, in which 
there is abundant production of soft mucilage, the “ branches ’’ sooner 
or later become displaced; in this way the globose colonies (fig. 324 
C), met with in Rivularia and Gloeotrichidy originate. 

The diverse genera are closely interrelated. Several lack the basal 
heterocyst and such forms, in so far as they otherwise resemble a 
Calothrix, are commonly grouped in the genus Homoeothrix (fig. 
323 C). In H. varians Geitler ((244) p. 445) the filaments show little 
or no attenuation and in certain stages possess no hairs, so that there 
is a close approximation to some of the epiphytic Lyngbyas. More 
distinctive non-heterocystous types are furnished by Amphithnx ((46) 
p. 343), where the erect threads arise from a multicellular stratum 
(fig. 323 A, b) showing traces of filamentous structure, and Lepto- 
chaete ((s8) p. 287), where they emerge from a stratum of chroococcoid 
cells (fig. 323 B, b); both are imperfectly known, and it is not beyond 
all doubt that the basal system may belong to a foreign alga. 

The numerous species of Calothrix ((53) p. 8 , (54) p. i 57 » (562) 

p. 157, (608)) are in part characteristic members of the marine littoral 
community (C. scopulorum^ C. Crustacea Thur.), in part frequent 
freshwater epiphytes or lithophytes. They often form indefinite felted 
expanses, although in some species the individual filaments tend to 
be solitary or to occur in small groups (fig. 323 G, H). Dichothnx 
includes Calothrix-Wkt forms, in which the lower parts of series of 
false branches formed in rapid succession are included within the 
same sheath, although the tips project freely (fig. 323 F) ; the filaments 
often show pseudo-dichotomous branching and usually occur as 
penicillate tufts (fig. 323 D). Species of Dichothrix are probably 
commoner in warm than in temperate regions, although D. gypsophila 
(Kiitz.) Born. & Flah. is widely distributed in marine and freshwater 
habitats. 

Rivularia ((54) p. 166, (140), (196), (544)) and Gloeotrichia ((54) p. 168, 
(613) p. 13) are distinguished by the radial grouping (fig. 324 C) of the 
numerous trichomes to form rounded aggregates of appreciable 
dimensions (fig. 324 B); the distinction between the two is artificial, 
the forms producing akinetes being referred to Gloeotrichia. In 
diverse Rivularias crystalline aggregates of carbonate of lime occupy 
the mucilage between the trichomes (R. dura Roth, R. Biasolettiana 
Menegh.); in R. haematites ((246) p. 654) this results in extensive 
calcification, the indurated mass often showing concentric stratifica- 
tion and containing living filaments only in its outer part (fig. 324 D). 
The older thalli of several marine species (e.g. R. bullata (Poir.) Berk., 
R. poly Otis (Ag.) Born. & Flah.) are hollow and occupied by gas, the 
composition of which varies at different times of the day (137). 




Fig. 324. Rivulariaceae. A, Gloeotrichia echinulata (J. E. Sm.) P. Richt., part 
of a sterile colony. B, F, Rivularia minutula (Kiitz.) Born. & Flah. ; B, five 
colonies, natural size ; F, group of threads. C, E, H, Gloeotrichia Pisum Thur. ; 
C, colony in optical section; E, filament with akinete {a); H, trichome with 
meristematic zone (m). D, Rivularia haematites (DC) Ag., vertical section of 
a young stratum. G, R. Biasolettiana Menegh. I, R. polyotis (Ag.) Born. & 
Flah., trichome with meristematic zone (m). a, akinete; /z, heterocyst; ha^ 
hair-termination of trichome; /, lime-aggregations; m, meristem; mi/, muci- 
lage; Sf sheath. (A after G. M. Smith; B, F, G after G. S. West; C, E after 
Fr^my; D after Geitler; H, I after Schwendener.) 
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Scytonemataceae ((48) p. 81, (57)) 

The series of genera included in this family are probably derivatives 
qf Lyw^^ya-like types, which have acquired heterocysts and the charac- 
teristic branching (fig. 325 E, F, I). Certain Lyngbyas are stated 
((246) p. 680, (254) p. 472) occasionally to show the latter feature. Such 
branching results from interruption of the trichome at a certain point, 
one (fig. 325 I) or both (fig. 325 E, G) portions thereupon perforating 
the usually firm sheath and growing out as laterals (/) which secrete 
a distinct sheath of their own. The false branches thus result from a 
process of multiplication, in which the fragments remain immobile 
and grow in situ ((46) p. 333, (57) p. 384). The process is usually 
initiated ((27) p. 258, (76) p. 12, (27s)) by the degeneration of an inter- 
calary cell (sometimes of several, fig. 325 K, d) which, as the branch 
develops, often becomes approximately triangular; later it may dis- 
integrate altogether, leaving a triangular space (fig. 325 E, F). In other 
instances fragmentation is due to the formation of separation discs 
(p. 806) or more rarely of an intercalary heterocyst. The outgrowth 
of both segments results in the paired branches, met with in many 
species of Plectonema (fig. 325 G) and Scytonema (fig. 325 E). 
Commonly, however, one of the two segments remains inactive (fig. 
325 I), its proximal (basal) cell, and sometimes several adjacent ones, 
usually differentiating as terminal heterocysts (A). The single branch 
then arises beneath a terminal heterocyst, but the latter is probably 
always secondary in origin. This method of branching is essentially 
characteristic of Tolypothrix ((28) p. 15 1), many species of which 
simultaneously exhibit paired branches, not associated with hetero- 
cysts. False branches are sometimes found (fig. 325 E) immediately 
next to intercalary heterocysts {h)y but, when this is so, closer in- 
vestigation always shows the remains of a disintegrated cell, or a space 
left by such a cell, between the heterocyst and the branch. 

It has long been known that geminate branches may arise by a process 
of loop-formation (fig. 325 L, M ; (46) p. 333), although it is uncertain 
whether this is frequent or not. Geitler ((246) p. 741) states that the 
loops originate by the division of single pale-coloured intercalary cells 
of large size. According to Bharadwaja ((27) p. 262), however, the 
enlarged cell, which develops dark-green contents (fig. 325 A, b)y 
plays no part in the actual formation of the loop, being carried out at 
its apex by division of the adjacent cells (fig. 325 C). Later it divides 
into two cells (fig. 325 B, b\ which degenerate (fig. 325 D, d) so that 
the parts of the loop become independent, although degeneration is 
sometimes postponed for a considerable time. The matter requires 
further investigation. 

In most Scytonemataceae, although there is some intercalary 
division in the older parts of the trichomes, cell-division is mainly 
confined to the terminal and underlying cells, which are usually dis- 




Fig* 3^5* Scytonemataceae. A-D, K, Scytonema Millei Born.; A-D, stages 
in geminate branching by loop -formation; K, commencing formation of a 
single false branch. E, S. Arcangelii Born. & Flah., false branching. ' F, Plec- 
tonema Battersii Gom. and G, H, P. Tomasinianum Born., ditto. I, Toly- 
pothrix distorta Kiitz., false branching. J, Scytonema simplex Bharadwaja, 
geminate branches. L, M, S. pseudoguyanense Bharadwaja, geminate branch- 
ing by loop-formation. 6, enlarged cell initiating loop-formation; bsy branch- 
sheath; d, dead cell;/, false branches; /i, heterocyst; i, inner and o, outer layer 
of sheath; w, separation discs; m, mucilage-pad,; ns, s, sheath. (E, F, I after 
Fr^my; G, H after Bornet; the rest after Bharadwaja.) 
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tinguished by their flat shape (fig. 325 I), their pale often yellowish 
colour, and the scanty number of granules present ((76) p. ii, (250) 
p. loi, (263) p. 225, (538) p. 43). The actual apical cell is commonly 
enlarged and in subaerial forms may undergo death and progressive 
replacement (328, 329). 

According to Bharadwaja ((27) p. 265) the sheath is first secreted 
as a cap over one or two of the terminal cells (fig. 325 C, K, M, bs) and 
may develop before the segment emerges as a branch. During the 
outgrowth of the latter the new sheath extends back for a variable 
distance (fig. 325 L, bs) over the adjoining part of the trichome, 
although it never reaches beyond the next heterocyst (fig. 306 E, bs). 

The hormogonia mostly arise from the ends of the trichomes and 
constitute a prolific and usually the only method of reproduction. 
They are delimited in the same way as the segments that give rise to 
false branches, but differ in being short and free at each end. The 
production of false branches as a result of rejuvenation at certain 
places within the trichomes may be regarded as a parallel phenomenon 
((652) p. 141). Akinetes have only rarely been reported in the true 
Scytonemataceae (cf. ( 57 ) p. 359). 

Plectonema^ (( 54 ) p. 136), TolypothriXy and iScytonema (( 54 ) p. 138) 
are closely related, although the first, in view of the absence of 
heterocysts (fig. 325 F), has often been referred to Oscillatoriaceae 
((26s) p. 96). The delimitation of the two others presents many 
difficulties and, whatever criterion be adopted, is artificial.^ The sheaths 
are frequently thick and stratified, and this reaches its extreme in 
Petalonema^ (fig. 306 H, I) in which the strata are prominently di- 
vergent so that the sheaths consist of numerous funnel-shaped pieces, 
inserted the one within the other (cf. p. 793); there is, however, no 
hard and fast limit between Scytonema and Petalonema ((27) p. 276, 
(246) p. 788). 

Certain species of Tolypothrix (311) and Scytonema (361, 645, 646) at 
times develop swollen sacciform sheaths, within which the false 
branches remain imprisoned, appearing as numerous distinct, often 
much contorted, irichomes (fig. 326 A) ; such stages have in the past 
been referred to a separate genus Diplocolon ((54) p. 152, (326)). For 
Tolypothrix Elenkinii Hollerbach (313) has shown that this is only a 
temporary condition. In Scytonema the stages in question are stated 
to develop into structures indistinguishable from a small iVostor-colony, 
but this is hardly clearly substantiated. Hydrocoryne and Desmonema 
((48) p. 127; Coleodesmium (57) p. 348) always exhibit inclusion of a 

^ Paraplectonema ((194) p. 178) is, according to Geitler ((246) p. 1159), 
identical with Clonothrix fusca. 

^ The separation of Tolypothrix and Scytonema^ as well as of other genera, 
on the basis of the relative frequency of single and paired branches is alto- 
gether unsatisfactory. This will be clearly realised if the key to Scytone- 
mataceae given by Geitler ((246) p. 678) is studied. 

® Inch Croatella ((166) p. 91). 



Fig. 326. Scytonemataceae. A, Scytonema crustaceum Ag., Diplocolon-stage 
(D. Heppii Naeg.). B, Desmonenia Wrangelii (Ag.) Born. & Flah. C-E, 
Spelaeopogon Iticifugus Borzi; C, part of a plant with hormocysts {ho); D, E, 
germinating hormocysts. F, G, Scytonematopsis calotrichoides Geitl. br^ 
branch; c, creeping and erect threads; /z, heterocyst; ho^ hormocyst; 
«, dead cell; 5, sheath. (A after Itzigsohn; B-E after Fr^my; F, G after 
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number of false branches within a common sheath (fig. 326 B) ; branch- 
ing is effected according to the method typical for Tolypothrix. 

It is impossible to refer to all the little-known genera placed in 
Scytonemataceae. In part they show points of contact with other 
families of filamentous Myxophyceae. Tildenia (362) and Scytonema- 
topsis^ ((254) p. 444, (339)) are characterised by their diffuse growth and 
the attenuation of the trichomes (fig. 326 F, G), although it may be 
doubted whether there is a basis for the distinction of two genera. 
A comparison with some of the more richly branched species of 
Calothrix (e.g, C. vivipara Harv. (198) p. 148) is suggested. The genera 
Spelaeopogon ((64) p. 107) and Seguenzaea ((64) p. 198) show much re- 
semblance to the uniseriate members of Stigonemataceae, among which 
they were classed by Borzi; the branching (fig. 326 C), however, 
appears to be prevalently false ((195) p. 59, (241) p. 270, (246) p. 678). As 
in Hapalosiphon (p. 852), the plants consist of creeping torulose (r) and 
erect non-constricted threads with cylindrical cells (e), a habit which is 
perhaps related to the terrestrial mode of life ; in Spelaeopogon lucifugus 
heterocysts are lacking, although present in other species. While 
Seguenzaea forms hormogonia, Spelaeopogon multiplies by means of 
hormocysts (fig. 326 C, Ao), another point of contact with Stigone- 
mataceae. This method of reproduction is likewise characteristic of 
Handeliella ((553) p. 30), where both true and false branching occur. 
It remains an open question whether these genera indicate an affinity 
between Scytonemataceae and Stigonemataceae, but it is noteworthy 
that false branching occasionally occurs in certain species of Hapalo- 
siphon, 

The development of geminate branches by loop-formation, already 
noted in Scytonema (p. 842), is met with also in several marine genera 
which may be grouped as Brachytrichieae (fig. 327). Branching ((i68), 
(241) p. 217) is here initiated by the lateral protrusion and oblique 
division of pairs of cells (fig. 327 C-G, 6), the two limbs of the loop 
often remaining closely approximated (Kyrtuthrixy fig. 327 I, b). In 
Brachytrichia (fig. 327 A, B, H) and Herpyzonema (fig. 327 J, K) only 
one {h) of the two limbs continues to segment so that a single branch 
surmounts the basal V-shaped portion. Indications of a similar method 
of branching are occasionally found in Mastigocladus ((64) p. 204) and, 
for this reason, Geitler ((241) p. 263, (246) p. 553) classes the Brachy- 
trichieae, together with Mastigocladus y in the family Mastigocladaceae. 
Mastigocladus y however, has very little in common in other respects 
with the Brachytrichieae ; moreover, it occasionally exhibits true branch- 
ing ((201) p. 179) and in certain stages shows a great habitual resemblance 
to Hapalosiphon, For the present therefore Mastigocladus is best re- 
ferred to Stigonematales (cf. also (194) p. 456). 

The commonest member of Brachytrichieae is Brachytrichia Balatii 
(Lloyd) Born. & Flah. ((47) p. 371, (198) p. 160; Hormactis Balani Born. 
& Thur. (54) p. 172), which forms convoluted gelatinous growths, the 
older ones often hollow, on stones and other substrata in the littoral 

^ To this genus Geitler ((254) p. 445) also refers, apparently with full 
justification, Bharadwaja’s Spelaeopogon Kashyapi (25). 
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region; it has only rarely been recorded in Britain ((451) p. 41). The 
numerous branches, arising from a basal weft (fig. 327 A), are produced 
into hairs and exhibit a somewhat radiate arrangement. In Kyrtuthrix 
((169) p. 170) the more or less parallel filaments are endolithic and show 



Fig. 327. Brachytrichieae. A-H, Brachytrichia Balani (Lloyd) Born. & 
Flah. ; A, vertical section of a stratum; B, ditto of young stratum; C-H, de- 
velopment of branches. I, Kyrtuthrix dalmatica Erceg., vertical section of 
part of a stratum. J-L, Herpyzonema intermedia Weber van Bosse; J, K, 
branching; L, cells with endospores {en). by branch; en, endospores; hy 
heterocyst; m, mucilage. (A after Bornet & Thuret; B after Setchell & 
Gardner; J-L after Weber van Bosse; the rest after Ercegovi (5 from Geitler.) 

pronounced loop-formation (fig. 327 I). Bornet & Thuret figure similar 
stages in Brachytrichia y but it is not certain that their material com- 
prised only a single organism (cf. (169) p. 173). The tropical Herpy- 
zonema ((64) p. 202, (610) p. 36), which shows no attenuation of the 
filaments (fig. 327 J), is distinguished by the production of endospores 

(fig. 327 L). 
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5. StIGONEMATALES ((57) p. 374, (63), (IQS), (241) p. 252) 

The Stigonematales are distinguished from the other Hormogoneae 
of Thuret, not only by the abundant occurrence of true branching, 
but also by the marked heterotrichy shown by several genera (figs. 
329 A; 331 B, C, G). In this respect they resemble certain Pleuro- 
capsales, but, apart from other differences, the Stigonematales almost 
invariably possess heterocysts and many develop the distinctive pit- 
connections already discussed on p. 791 ; whether these occur in all 
the members of the order remains to be shown. The threads for the 
most part exhibit apical growth. It is noteworthy that nearly all 
Stigonematales inhabit terrestrial or freshwater habitats. 

The heterotrichous character is recognisable in several rare genera 
which probably represent the more primitive members, although they 
are at present imperfectly known. Pulvinularia ((63) p. 574), an epi- 
phyte on Fontinalis, as yet only recorded from Sweden, has the habit 
of an Oncohyrsa (p. 824; cf. also Pseudulvella^ i, p. 260). The first- 
formed basal system (fig. 328 C, D) is a one-layered disc (fig. 328 A), 
composed of coalescent filaments radiating from a central point. This 
gives rise to numerous erect threads (fig. 328 B, ^), which are laterally 
concrescent and dichotomously branched at their tips, the whole 
forming a small rounded cushion; the erect threads may locally 
consist of two rows of cells. The hormogonia (h) are set free from the 
tips. In Hyphomorpha ((63) p. 582), an epiphyte found on a tropical 
Trichocolea^ the thallus (fig. 328 E, F) is represented only by the 
prostrate system, in which the older threads in part consist of two or 
more rows of cells and tend to become resolved into chroococcoid 
packets (fig. 328 G).^ 

Loriella ((60) p. 44 , (63) p. 570), so far only observed on human skulls 
from Papua, is somewhat more specialised. The entire growth is stated 
to be erect (fig. 328 H), the uniseriate filaments showing repeated 
forked branching and being encased in thick sheaths with markedly 
divergent strata (fig. 328 I, J). Most of the heterocysts are intercalary 
and situated just below or at the points of forking (fig. 328 I, J), but 
sometimes they are found at the ends of the branches. The existence 
of an evanescent basal system is probable. The three genera just dis- 
cussed can well be included in a single family (p. 861). 

A similar habit is seen in Stauromatonema (Capsosiraceae ; (194) 
P* 385, (254) p. 41 1), which forms flat crusts, with much the same 
structure as a Hildenbrandia, on rocks in tropical fresh waters. The 
basal system consists of a stratum of contorted threads, showing 
irregular division of the cells (fig. 329 C). The numerous, closely 

^ H, Perrieri Fr^my ((193), (*94) p. 395), in which the entire growth is 
upright and the bulk of the threads contain several rows of cells, can scarcely 
be referred to Hyphomorpha (cf. also (246) p. 462); it would perhaps more 
appropriately be included in the Stigonemataceae. 
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approximated, erect threads (fig. 329 A, B, e) are for the most part 
uniseriate and exhibit occasional lateral branching, which is often 
pseudodichotomous ; in older crusts they may develop basal rhizoids. 



Fig. 328. Stigonematales. A-D, Pulvinularia suecica Borzi; A, young plant 
from the surface; B, older plant in profile, with hormogonia (A); C, D, stages 
in development of basal system. E-G, Hyphomorpha Antillarum Borzi; 
E, F, two plants of different ages ; G, chroococcoid stage. H-J, Loriella osteo- 
phila Borzi; H, part of a stratum in vertical section; I, branching; J, ditto and 
formation of hormogonia (A), erect threads; A, hormogonia; A^, hetero- 
cysts; s, sheath. (All after Boizi.) 

One species lacks heterocysts. The method of reproduction is not 
known ; the planococci recorded by Fr^my are doubtful. In Capsosira 
Brebissonii ((64) p. 23, (194) p. 383, (416) p. 447), which is widespread 
though uncommon, the erect threads combine to form minute, some- 
what gelatinous cushions, while the basal system (fig. 329 D, en) 
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usually ramifies in the tissues of hydrophytes or of dead twigs. 
Occasional heterocysts are lateral in position (fig. 329 E, h). 

The Nostochopsidaceae and Stigonemataceae include the more 
specialised Stigonematales. In both the branching is definitely 
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Fig. 329. Stigonematales. A-C, Stauromatonema viride Fr6my; A, B, strata 
in vertical section; C, thread of basal system. D, E, Capsosira Brebissonii 
Kiitz. ; D, base of a plant with endophytic filaments (en ) ; E, ^all part of a 
thread with a lateral heterocyst. 6, basal and e, erect threads ; /?, heterocyst. 
(A, E after Fr^my; B, C after Geitler & Ruttner; D after Borzi.) 


lateral. The Nostochopsidaceae ((62) p. 352, (241) p. 257, (246) p. 472) are 
specially distinguished by the possession of two kinds of branches 
(%• 330 C, G), the one elongate (/), the other {s) composed of only 
1-4 cells and always terminating in a heterocyst (A). All the threads 
are uniseriate and there is no evidence of heterotrichy. Nostochopsis 
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Fig. 330. Nostochopsidaceae. A-F, Nostochopsis lohatus Wood ; A, colonies on 
a moss, natural size; B, colony in section, about 4 times natural size; C, 
vertical section of a small part of a colony; D, hormogonium; E, F, germina- 
tion of same. G, Mastigocoleus testarum Lagerh. /i, heterocyst; hOy hormo- 
gonium; /, long lateral; 5, short lateral; t, attenuated branch. (A, B after 
Bornet; C, G after Fr^my; D-F after Geitler & Ruttner.) 
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lobatus^ ((64) p. loi, (203), (254) p. 417) is widely distributed in stagnant 
waters, where it occurs as hollow, spherical or lobed, gelatinous masses 
(%• 330 A, B), which reach a diameter of 3*5 cm. and are either at- 
tached or free-floating. The trichomes, which generally exhibit the 
most profuse branching in their upper parts (fig. 330 C), are radiately 
arranged within the mucilage, the sheaths being usually altogether 
diffluent. Some of the short laterals are reduced to the terminal 
heterocyst (h). The hormogonia (ho) are formed from entire laterals. 
In germination they soon show a distinction between apex and base 
(fig. 330 D, F), the lowest cell differentiating as a heterocyst ((254) 
p. 420). 

somewhat different type is seen in Mastigocoleus ((50), (51) p. clxii, 
(64) p. 102, (374)), which occurs within Molluscan shells and other 
calcareous substrata; M. testarum is marine, but a freshwater variety 
has been described by Nadson (434). Apart from the endolithic habit, 
the genus is distinguished by the fact that some of the laterals terminate 
in hairs (fig. 330 G, i)- A similar attenuation of the trichomes is re- 
corded in Nostochopsis Hansgirgi Schmidle ((533) p. 77, (534) p. 178), as 
well as in the anomalous genus Loefgrenia (630), which lacks heterocysts, 
has trichomes devoid of a sheath, and is of doubtful systematic position. 

The Stigonemataceae, which comprise some of the largest and most 
elaborately organised Myxophyceae, are essentially characterised by 
the tendency towards a multiseriate construction (figs. 331 A; 333 E). 
The habit is in many instances heterotrichous (fig. 331 B, E), the 
often little-branched erect threads {e\ as a result of more active 
growth, commonly differing from the prostrate ones (b) in their 
narrower and longer cells. Production of hormogonia is confined to 
the erect filaments ((63) p. 559; figs. 308 A; 331 A, ho), whereas 
akinetes when present are formed in the prostrate ones (fig. 331 C, a). 
It is among the members of this family that pit-connections are most 
clearly developed (fig. 304 D, F, p) and many' if not all, of its mem- 
bers exhibit apical growth (p. 855). 

Heterotrichy is well seen in Fischerella ((54) p. 155 as Fischera; (194) 
p. 439, (254) p. 425, (266), (268)), several species of which are terrestrial. 
The rounded cells of the prostrate threads (fig. 331 A, b) are com- 
monly arranged in several rows, while the uniseriate erect filaments 
(e) possess elongate cells and usually have thinner and less deeply 
coloured sheaths. A similar habit, with a less marked contrast be- 
tween the two systems, is seen in Hapalosiphon ((64) p. 90; fig. 331 B), 
which is usually aquatic, and in Westiella ((64) p. 84, (191) p. 41, (194) 
p. 434). The latter (fig. 308 H) is uniseriate throughout, while the 
former only shows occasional longitudinal divisions in the main 
threads (^ in fig. 331 B), which possibly represent arrested stages in 

^ Mazaea rivularioides Born. & Grun. (52). For other species of Nosto- 
chopsis, which are not sharply distinguished from N. lobatus, see (29), (610) 

P- 39‘ 




Fig- 331 - Stigonemataceae. A, Fischerella mucicola (Thur.) Gom. B, Hapalo- 
siphon hibernicus W. & G. S, West, at * longitudinal division of cells. C, D, 
Fischerella major Gom. ; C, part of a plant with akinetes {a) ; D, germination 
of the latter. E-J, Mastigocladus laminosus Cohn; E, G, parts of threads 
showing true branching; F, early stage of branch-formation; H-J, akinete and 
stages in germination. K, L, Rosaria ramosa Carter; K, small part of a plant; 
L, branch-formation, akinete; by basal and erect systems; hy heterocyst; 
/lo, hormogonium. (K, L after Carter; the rest after Fr^my.) 
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branch-formation ((558) p. 246). Both Fischerella and Hapalosiphon 
exhibit multiplication by hormogonia (fig. 331 A, ho)^ while akinetes 
(fig. 331 C, a) have been recorded in several species, Westiella is 
characterised by its hormocysts (fig. 308 H, he and p. 807), which 
also occur in Leptopogon ((64) p. 93, (195) p. 41), a genus scarcely to be 
distinguished from Westiella, In Westiellopsis (334) the branches form 
apical clusters of rounded cells which liberate their contents as a 
single spore. 

Mastigocladus laminosus ((m) p. 39; Hapalosiphon laminosus Hansg. 
(48) p. 56, (64) p. 204, (194) p. 456), a regular constituent of the flora of 
hot springs (p. 864), frequently shows much similarity to a Hapalo- 
siphon (fig. 331 E), although the range in habit is considerable ((201), 
(471) p. 307). The membranous or gelatinous strata often exhibit some 
impregnation with carbonate of lime. According to Fr6my ((201) p. 176) 
Mastigocladus produces both true (fig. 331 E-G) and false branches; 
the latter are either single or paired and sometimes develop after the 
manner characteristic of Brachytrichieae (p. 846). The erect threads 
commonly exhibit some attenuation ((614) p. 244; fig. 331 E), but 
this feature, as well as false branching, are occasionally observed in 
Hapalosiphon and Fischerella ((266) p. 50). Some forms of M. laminosus 
(e.g. that described as Aulosira thermalis West (614) p. 244) are alto- 
gether unbranched and these, as well as the branched types, may lack 
heterocysts. Fr^my ((201) p. 189) records akinetes in forms with the 
habit of a Microchaete ; such stages strongly recall Aulosira fertilissima 
Ghose ((256) p. 342). 

Simultaneous occurrence of both true (fig. 332 D, E) and false (fig. 
332 B, C) branching is also seen in Fischer ellopsis (215), although this 
genus (fig. 332 A) is more especially characterised by the enclosure of 
considerable numbers of filaments within a common diffluent sheath 
(m) to form free-floating Microcoleus-MkQ aggregates. In their central 
part the trichomes are moniliform and provided with occasional inter- 
calary heterocysts (h), while the extremities, which project as laterals 
(fig. 332 B), are club-shaped, devoid of heterocysts and probably give 
rise to hormogonia {ho). The exact affinities of this striking form are still 
obscure. 

An equally divergent habit is met with in Doliocatella ((254) p. 427), 
recorded from a water-fall in Sumatra. This forms attached tufts of 
erect-growing uniseriate filaments, with plentiful unilateral branching 
in their upper parts (fig. 333 B). Heterocysts are lacking, but the true 
branching and the evident pit-connections stamp this as one of the 
Stigonemataceae. A very aberrant type is constituted by Rosaria ((92) 
p. 54), found on the bark of trees in New Caledonia. The branched 
moniliform threads (fig. 331 K, L) lack heterocysts and are only rarely 
provided with a sheath. 

The most advanced structure is found in Stigonema ((48) p. 62, (s7) 
p. 374, (64) p. 65), most species of which are subaerial. A few, like 
S, hormoides (fig. 333 F) and S, ocellatum (fig. 308 A), are prevalently 
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uniseriate and approximate closely to Fischer elluy etc., but in the 
majority the principal filaments consist of two or more rows of cells 
(fig. 333 E) and may exceed 100 /x in thickness. It is in these that the 
apical growth is most manifest ((241) p. 214, (ssS) p. 221). Thus, in 



Fig. 332. Fischer ellopsis Harrisii Fritsch (after Fritsch). A, part of a plant; 
B, C, false branching; D, true branching; E, part of a branching thread. 
hy heterocyst; hOy homogonium ; m, mucilage. 


S. mamillosutn (cf. fig. 333 E) the diverse branches terminate in a dome- 
shaped apical cell (a), cutting off a single series of segments {s ; cf. also 
fig. 302 G). These usually divide transversely, after which each seg- 
ments by two longitudinal walls at right angles to one another to form 
a cruciform groups one member of which gradually projects towards 
the centre. By a periclinal division of this cell (fig. 333 C) there is 
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formed a central cell (c) surrounded by four pericentrals only 
some of which are linked by pit-connections {pi) with the former. 
Most or all of the pericentrals subsequently divide radially (fig. 333 
D) so that a little way behind the apex the thallus consists of suc- 
cessive tiers (fig. 333 E), the 7 or 8 pericentrals of which usually show 
an approximately longitudinal arrangement. Later the pericentrals, 
and more rarely the central cell, may again divide transversely, while 
at the same time tangential divisions increase the number of layers 
around the central cell. According to Geitler the older parts of the 
thalli of S, mamillosum are hollow and occupied by mucilage. 

The often abundant branches (fig. 333 A) appear to arise quite 
promiscuously (fig. 333 E) by outgrowth of a peripheral cell. In the 
multiseriate Stigonemas the laterals are of two kinds. Some, which are 
purely vegetative, repeat the structure of the parent axis and many of 
these are often of limited growth ; others, which are likewise short and 
commonly club-shaped (fig. 308 A), remain uniseriate and produce 
the usually few-celled hormogonia {ho)^ by means of which propaga- 
tion is mainly effected. The often deeply pigmented sheaths are 
mostly rather soft and may be thick and lamellose ; sometimes their 
structure is complex ((246) p. 506). In the older parts of many 
Stigonemas the pit-connections are withdrawn and the cells divide to 
form independent GloeocapsaAik^ packets with stratified envelopes; 
it is not clear whether these function as a means of reproduction. 

All species of Stigonema possess heterocysts which, even in the 
uniseriate forms, commonly occupy a lateral position (figs. 304 F; 
333 F, h\ being formed by tangential division of a cell and conversion 
of one of the products into a heterocyst. Such lateral heterocysts, 
which also occasionally occur in Hapalosiphon and Capsosira (p. 850), 
are no doubt homologous with the short heterocystous laterals of 
Nostochopsidaceae. 


{g) THE INTERRELATIONSHIPS AND AFFINITIES 
OF THE MYXOPHYCEAE (652) 

In view of the absence of flagellate stages, it is not justifiable to assume 
an origin from a flagellate ancestry and the Myxophyceae must be 
supposed to have originated from unicellular forms that were devoid 
of flagella. The simplest types are found among Chroococcales, 
with the coccoid or prevalently palmelloid habit that stands next to 
the motile one in degree of primitiveness in other classes of Algae. 
The abundance of terrestrial forms among Chroococcales and most 
other orders of Myxophyceae suggests a terrestrial rather than an 
aquatic origin for the class as a whole. 


^ Spearing’s ((558) p. 239) comparison with Polystphonta is invalid, since 
the method of segmentation is quite different from this or any other red alga. 



333« A, C, D, Stigonema matnillosum (Lyngb.) Ag. ; A, habit; C, trans- 
verse section behind the apex, one pericentral has divided; D, transverse 
section further back, three pericentrals divided. B, Doliocatella fomiosa 
Geitl. & Ruttner, part of an erect thread. E, Stigonenia informe Kiitz., part 
of a plant. F, S, hormoides Kiitz., part of a plant. G, Sorochloris aggregata 
Pascher. H, Pelodictyon clathratiforme (Szafer) Geitl. a, apical cell; r, central 
cell; hy heterocysts; hOy hormogonium ; />, pericenttal cell; piy pit-connection; 
Sy segment of apical cell. (A, E, F after Fr^my; B after Geitler & Ruttner; 
C, D after Spearing; G after Pascher; H after Szafer.) 
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The Chamaesiphonales differ essentially from the Chroococcales 
only in their polar differentiation. As already indicated (p. 819), 
this is the only important contrast between Chroococcus (fig. 3 10 O, P) 
and diverse species of Dermocarpa (cf. fig. 316 P). The simpler 
Chamaesiphonales may in fact be regarded as chroococcoid forms 
that have assumed an epiphytic mode of life, resulting in the appear- 
ance of polarity. They have evolved further in the direction repre- 
sented by Chamaesiphon (fig. 310 K-M) with its exospores (p. 813) 
and marked colonial development (fig. 315 A-H, p. 822), as well as 
in that illustrated by Stichosiphon (fig. 315 N-Q, p. 820), of which 
Endonema (p. 812) and Siphononema (p. 820) possibly exemplify 
extreme developments. It is difficult to find any support for the view 
of Geitler ((241) p. 220) that the Chamaesiphonales are reduced 
Pleurocapsales. 

The latter, which have hitherto been classed with Chamaesi- 
phonales on so inadequate a character as the joint possession of endo- 
spores, have no other features in common with them. Geitler ((246) 
p. 93) suggests that the Entophysalidaceae (fig. 313, p. 818) among 
Chroococcales, which afford indications of a filamentous tendency, 
may illustrate the mode of origin of Pleurocapsales. The typical mem- 
bers of the latter (Pleurocapsa^ Oncobyrsa) are, however, definitely 
heterotrichous, with a juvenile stage represented solely by a prostrate 
filamentous growth from which the erect threads subsequently arise 
(fig. 316). There is no evidence of the occurrence of this habit among 
Entophysalidaceae, and the derivation of Pleurocapsales at present 
remains obscure. 

The interrelationships of the Hormogoneae of Thuret present an 
even more difficult problem owing to the widespread occurrence of 
heterocysts. These possess so stereotyped a structure that all forms 
provided with them must be assumed to have arisen from a common 
ancestry, a point of view which receives further support from the 
prevalence of multiplication by hormogonia in these filamentous 
types. It is significant that, in the diverse series that are distinguishable, 
certain species or genera lack heterocysts, and this is true of all 
Oscillatoriaceae. It would therefore be plausible to regard the hetero- 
cystous condition as primary among Hormogoneae and the non- 
heterocystous one as secondary. This attitude is taken by Geitler 
((241) p. 219, (246) p. 94; cf. also (156)), who regards the Stigonematales 
as the most primitive and the Oscillatoriaceae as the most advanced 
among Hormogoneae. 

The marked heterotrichy, exhibited especially by the less special- 
ised Stigonematales (e.g. Pulvinularia^ fig. 328 A, B ; Stauromatonema, 
fig. 329 A, B), suggests comparison with the Pleurocapsales; the dif- 
ferences lie in the presence . of pit-connections, of heterocysts, and of 
hormogonia in the former. In view of the specialisation to habitat 
shown by the Pleurocapsales (epiphytes, lithophytes, lime-boring 
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forms) it is possible that they may be derived from forms like the 
simpler Stigonematales, although it is just as likely that the two orders 
may represent parallel developments from diverse origins. Geitler 
believes that Siphononema^ which in certain stages (fig. 3 14 F) resembles 
the older parts of a Stigonema with its GloeocapsaAikt groupings, indi- 
cates the mode of origin of Stigonemataceae and that the simpler 
filamentous members of Stigonematales are derived. The similarities 
between Siphononema and a Stigonema, however, appear to be alto- 
gether superficial. It scarcely seems credible that so complex a type 
as S. mamillosum, for instance, could have evolved from anything like 
a Siphononema. 

The considerable morphological elaboration attained among 
Stigonematales, which led Borzi (63) to regard them as the most 
specialised series of Myxophyceae, scarcely justifies a position at the 
base of the Hormogoneae. It is not improbable that, from the primi- 
tive coccoid type, there may have originated an extinct series of 
multicellular forms, one branch of which led to the Oscillatoriaceae, 
while another, after the evolution of the heterocyst, gave rise to 
the other three families of Nostocales and finally to the hetero- 
trichous Stigonematales. In other words, the diverse series among 
Hormogoneae are supposed to have arisen successively from a 
common filamentous ancestry, the Oscillatoriaceae prior to the 
evolution of heterocysts and the Stigonematales as the most recent 
branch. 

Our knowledge of fossil Myxophyceae (cf. (476) giving the literature 
to date) is scanty and their assignation to this class for the most part 
very questionable. The two characteristics that might render a definite 
reference of a fossil form possible, viz. the firm sheaths often enveloping 
the trichomes and the heterocysts, have nowhere, so far as I am aware, 
been recorded. Even should some of the fossil types referred to Blue- 
green Algae actually belong to this class, as well they may, they afford 
no morphological data that might help in the elucidation of structural 
features or of the evolutionary sequence. 

Girvanella ((476) p. 38, (477) p. 16, (512) p. 301, (549) p. 124), one of the 
fossil calcareous Algae that has been referred to Myxophyceae, has 
been thought to have played a r61e in the formation of oolites (cf. (548) 
p. ii). The canals that are often present have been regarded as the 
remains of the tubular sheaths of Blue-green Algae ((483) p. 255, 
p. 83), although Cayeux (97) concluded that they belonged to a per- 
forating form inhabiting and destroying the oolitic grains (cf. however 
(478) p. 361). Regarding the very problematical Cryptozoon, see (514), 
(654), (664) p. 83. 

The low stage of cell-differentiation, the distinctive metabolism, 
and the diverse peculiar morphological features (presence of specially 
differentiated sheaths, heterocysts, hormogones) practically rule out 
any affinity with other algal classes. The supposed relationship with 
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Red Algae (cf. e.g. (554) p. 673), which has already been considered 
(pp. 416, 437), will not stand the test of a critical enquiry. 

Many authorities support a relationship to Bacteria (Schizomy- 
cetes), which are often classed together with Blue-green Algae 
(Schizophyceae) as Schizophyta. With the true Bacteria, despite an 
analogous lack of cell-differentiation, any close affinity appears to be 
ruled out, owing to the frequent presence of flagella and the endo- 
genous method of spore-formation. There appears to be considerable 
doubt too whether ordinary Bacteria possess a structure, comparable 
to the centroplasm of Myxophyceae (3, 148, 472), ^ and even the more 
recent investigations (14s, 663) do not suggest any marked resemblance. 
On the other hand, a cellular structure similar to that of Blue-green 
Algae has frequently been reported in certain Sulphur-Bacteria, 
such as Chromatium ((87) p. 9, (128), (145) p. 42, (282), (430 p. 228), the 
bacteriopurpurin being confined to the peripheral cytoplasm, while 
the central region has a structure like that of the centroplasm of 
Myxophyceae. Guilliermond would, in fact, class the Sulphur- 
Bacteria among the latter which, in view of the presence of flagella 
in Chromatium and its allies, is scarcely admissible. 

Considerable morphological resemblances exist between some of the 
filamentous Sulphur- (BeggiatoUy Thiothrix) and Iron-Bacteria 
{Cladothrixy Crenothrix) and certain of the Oscillatoriaceae. The 
similarity between Beggiatoa and Oscillatoria is often striking, and 
this even extends to certain details of structure and the method of 
movement (304.51s); moreover sulphur-droplets are found in the cells 
of some Oscillatorias (305) and colourless species of this genus are 
known (see p. 871). Structures resembling hormogonia occur in 
ThiothriXy while the threads of Cladothrix possess a sheath and ex- 
hibit false branching. A close affinity between Oscillatoria and 
Beggiatoa has often been assumed ((62) p. 321, (229) p. 279), but the 
most recent investigations of the cell-structure of the latter ((hs) 
p. 764, (281), (472)), as well as of Thiothrix (189), have revealed nothing 
comparable to the central body of Myxophyceae (cf. also (401) p. 474). 
The facts above detailed suggest the possibility that these types belong 
to a plurality of evolutionary lines diverging from a remote ancestry, 
from which the Myxophyceae also arose. 

The so-called Cyanochloridaceae (Chlorobacteriaceae) are probably 
colonial Myxophyceae, which are adapted to a special mode of life and 
which have no direct affinities with true Bacteria ((241) p. 170, (253), (382) 
p. 425) ; they can scarcely be regarded as a transitional group ((sss) p. 7). 
The cells are either spherical (Sorochlorisy fig. 333 G) or elongate 
{Pelodictyotiy fig. 333 H). The cell-structure is analogous to that of 
other Myxophyceae, pigments resembling chlorophyll and phycocyanin 
being present in the peripheral cytoplasm ((82) p. (88), (410)). The 

^ See the summaries in (349) p. 89 and (14s) p. 620. The Sarcina gigantea 
of Petter (472) is regarded by Delaporte ((14s) p. 706) as a fungus. 
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yellowish-green colour is like that of the Blue-green Algae inhabiting 
the putrefying bottom-deposits, in which the Cyanochloridaceae 
normally live. Schiller (522) records unicellular Cyanochloridaceae, with 
small spherical or oval greenish-yellow cells, as occurring at very great 
depths (1000-4000 metres) in the Adriatic and in the Atlantic. 

The following is an epitome of the classification of Myxophyceae 
adopted in the previous treatment : 

I. Chroococcales. 

1. Chroococcaceae : Aphanocapsa, Aphanothece, Chroococcidiopsis, 
Chroococcus (inch Chroococcidium), Coelomoron, Coelosphaerium, 
Dactylococcopsis, Eucapsis, Gloeocapsa, Gloeothece, Gomphosphaeria, 
Holopedia, Marssoniella, Merismopedia, Microcystis, Rhabdoderma, 
Synechococcus, Synechocystis, Tetrapedia. 

la, Cyanochloridaceae: Chlorochromatium, Pelodictyon, Sorochloris. 

2. Entophysalidaceae: Chlorogloea, Cyanostylon( ?), Entophysalis, 
Paracapsa, Placoma, Pseudoncobyrsa. 

I I . Chamaesiphonales . 

3. Dermocarpaceae : Clastidium, Dermocarpa, Stichosiphon. 

4. Chamaesiphonaceae : Chamaesiphon, Chamaesiphonopsis. 

5. Endonemataceae : Endonema. 

6. Siphononemataceae : Siphononema. 

III. Pleurocapsales . 

7. Pleurocapsaceae : Chroococcopsis, Myxosarcina( ?), Oncobyrsa, 
Pleurocapsa, Radaisia, Xenococcus. 

8. Hyellaceae: Dalmatella, Hormathonema, Hyella, Myxohyella, 
Scopulonema, Solentia. 

IV. Nostocales. 

9. Oscillatoriaceae : Arthrospira, Crinalium, Gomontiella, Hydro- 
coleus, Katagnymene, Lyngbya, Microcoleus, Oscillatoria, Phormi- 
dium, Porphyrosiphon, Proterendothrix, Schizothrix, Spirulina, 
Symploca, Trichodesmium. 

10. Nostocaceae: Anabaena, Anabaenopsis, Aphanizomenon, Aulo- 
sira(?), Cylindrospermum, Hormothamnion, Isocystis, Nodularia, 
Nostoc, Pseudanabaena, Wollea. 

11. Microchaetaceae : Microchaete, Richelia. 

12. Rivulariaceae : Amphithrix, Calothrix, Dichothrix, Gloeotrichia, 
Hammatoidea, Homoeothrix, Leptochaete, Raphidiopsis, Rivularia. 

13. Scytonemataceae : Desmonema, Handeliella, Hydrocoryne, 
Petalonema, Plectonema, Scytonema, Scytonematopsis, Seguenzaea, 
Spelaeopogon, Tildenia, Tolypothrix. 

13 a. Brachytrichieae : Brachytrichia, Herpyzonema, Kyrtuthrix. 

V. Stigonematales. 

14. Pulvinulariaceae : Hyphomorpha, Loriella, Pulvinularia. 

15. Capsosiraceae : Capsosira, Stauromatonema. 

16. Nostochopsidaceae : Mastigocoleus, Nostochopsis. 
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17. Loefgreniaceae : Loefgrenia. 

18. Stigonemataceae : Doliocatella, Fischerella, Fischerellopsis, 
Hapalosiphon, Leptopogon, Mastigocladus, Rosaria(?), Stigonema, 
Westiella, Westiellopsis. 

{h) THE DISTRIBUTION, ECOLOGY AND 
BIOLOGY OF THE MYXOPHYCEAE 

The General Facts of Distribution 

Although most widely distributed in terrestrial and freshwater 
habitats, the Myxophyceae form an important element in marine 
vegetation, especially in that of temperate and subtemperate seas (198) ; 
all orders, except Stigonematales, are well represented. Diverse 
Chroococcales, Oscillatoriaceae, and Rivulariaceae are abundant in 
the littoral zone, where they often form conspicuous growths or 
definite belts on the rocks ^ (e.g. Aphanocapsa littoralis Hansg., 
Gloeocapsa crepidinum Thur., Entophy salts granulosa Kiitz. ; Calothrix 
Crustacea Thur., C. scopulorum Ag., Rivularia atra Roth; Oscillatoria 
Bonnemaisoniae Crouan, Lyngbya majuscula Harv. ; Microchaete grisea 
Thur.), while extensive sheets of Phormidium (182) or of Lyngbya 
aestuarii ((370) p. 13) sometimes occur in shallow water. Species of 
ChroococcuSy Microcoleus (esp. M. chthonoplastes)y etc. are frequent 
pioneers on the mud of salt-marshes ((93) p. 152, (99) p. 208, (116) 
p. 79, (502) p. 1 18), while the Dermocarpas are common marine epi- 
phytes. Myxophyceae play a conspicuous role in the plankton ((302) 
p. 92, (340) p. 274, (354) p. 351, (624)) only in warmer seas; the forms in- 
volved are principally Oscillatoriaceae (Trichodesmimny Katagnymene 
(337) p. 401, (631) p. 61), although water-flowers due to freshwater 
species have frequently been recorded in land-locked seas ((323), (613) 
p. 10, (632)). Zalessky (638) describes extensive Silurian deposits due 
to an alga resembling Gloeocapsa (Gloeocapsomorpha). 

The capacity of certain Myxophyceae to withstand marked altera- 
tions in the concentration of the medium ((96), (171), (491) p. 162) is 
shown, not only by their frequent presence in salt-marshes, but also by 
their abundant occurrence in salines and solar salt-works ((287) p. 150, 
(307)). In the latter they form a carpet between the salt and the soil, 
thus preventing contamination of the former, when gathered, by the 
black sulphide muds underlying the algal films. These commonly con- 
sist of Microcoleus chthonoplastesy which is often associated with Lyngbya 
aestuarii, Hof and Fr6my (307) distinguish halotolerant and halophilic 
species; the latter, which can grow and multiply in solutions more 
concentrated than 3 molar sodium chloride, consist mainly of a few 
Chroococcales (esp. Aphanocapsa littoralis Hansg.), apart from Spiru- 
Una subsalsa Oersted and Phormidium tenue. 

^ The often marked zonation, already referred to on p. 2, has been dealt 
with by numerous investigators; see (246) p. 68 and (8) p. 170, (22) p. 55, 
(154) p. 329» (172), (258) p. 9, (273) p. 404, (370) p. 12 inter alia. 
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The freshwater Myxophyceae are important as lithophytes and 
epiphytes. Others live in or on the bottom-deposits of shallow and 
deeper water, while a limited number constitute an often conspicuous 
element in the plankton at certain times of the year. The forms in 
question commonly possess pseudo-vacuoles and tend to form water- 
flowers (p. 772). These develop especially in eutrophic waters rich in 
organic substance (cf. e.g. (474),(47s),(s88)) and, although most prevalent 
in warm weather, are also met with in winter (404, 456). 

Species of SchizothriXy Tolypothrix (esp. T, penicillata)^ and 
Rivularia often occupy definite, though narrow, belts along the rocky 
littoral region of lakes (see (214) p. 260 where the earlier literature is 
summarised; (261) p. 506), while Oscillatoriaceae often form con- 
spicuous films covering the bottoms of stagnant ponds in the early 
autumn. Loose-lying aegagropilous forms, due to species of Toly- 
pothrix and Scytonema (397), and spherical balls due to diverse 
Chroococcales are not uncommon in shallower waters (mi, 447). 
Putrefying bottom-deposits ((357) p. 640, (381), (382) p. 434, (596) p. 284) 
harbour a community of sapropelic" forms which, apart from Sulphur- 
Bacteria, include various yellow-green Oscillatoriaceae (Oscillatoria 
chlorina Kiitz., O. Lauterbornei Schmidle, Lyngbya compressa 
Utermohl = Z/. Hieronymusii Lauterb.), Chroococcales (639), and di- 
verse Cyanochloridaceae. A specially characteristic lithophytic com- 
munity, dominated by Chamaesiphonales (fig. 334 A), Pleurocapsales, 
and species of Phormidium (fig. 334 B),is characteristic of certain types 
of fast-flowing streams ((213), (243), (255) p. 633, (330) p. 113, (560) p. 39) 
and is responsible for many of the distinctive colorations exhibited by 
the rocks in such habitats (cf. also (563)). 

So far as present evidence goes, the bulk of aquatic Myxophyceae 
are cosmopolitan in their distribution, though HerpyzonemUy Hormo- 
thamnion and certain Stigonematales (Stauromatonemay Nostochopsis, 
Pulvinulariaceae) appear to be largely or entirely confined to warmer 
regions. On the other hand, in many tropical fresh waters^ Blue- 
green Algae play a more important role than in temperate climates 
((208) p. 224, (209) p. 246), which is possibly in part a result of the 
greater abundance of eutrophic habitats; the scarcity of blue-green 
water-blooms, upon which Geitler and Ruttner ((255) p. 559) comment 
in discussing the freshwater vegetation of the Sunda Isles, is certainly 
not generally true of the Tropics. Lyngbya majusculuy a cosmopolitan 
marine species absent from temperate fresh waters, is widely distri- 
buted in those of tropical Asia ((208) p. 226), and other similar in- 
stances have recently been reported ((255) p. 558). Such occurrences 
are paralleled by the marine faunistic element noted in tropical lakes. 

A preference for higher temperatures is also shdwn by the pre- 
valence of many temperate Blue-green Algae (especially the plank- 

^ The ecology of tropical freshwater Myxophyceae has recently been con- 
sidered in detail by Geitler and Ruttner (255). 
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tonic forms) during the warmer season of the year and more par- 
ticularly by the dominant role which members of this class play in the 
vegetation of hot springs.^ Chlorophyceae and Diatoms are met with 
in such waters only at temperatures below 40-45° C., while above 
these limits thermophilic Bacteria and Myxophyceae are alone present. 
The most regular blue-green species are Phormidium laminosum and 
Mastigocladus laminosusy but the flora varies in different parts of the 
world and diverse others are often present. Certain of the Blue-green 
Algae involved play a part in the formation of rock-masses (p. 868). 

Very varied statements are made as to the highest temperatures at 
which Myxophyceae exist in such springs.^ Setchell ((546) p. 936) puts 
the upper limit at 65-68° C. (sometimes up to 75-77° C.), which agrees 
with the maximum of 69° C. given by Molisch ((422) p. 66 ; cf. also (586)) ; 
Elenkin ((15s) p. 106), on the other hand, concludes that Blue-green 
Algae still live at 85° C. However that may be, it is certainly not un- 
common for these forms to thrive at temperatures of 50-60° C. ((25s) 
p. 681, (599) p. 92), which of course implies that the protoplasm must 
have an unusually high coagulation-point. 

Most of the thermal Myxophyceae (cf. however (255) p. 678) are 
recorded also from waters of normal temperature, although Mastigo- 
cladus laminosus has only rarely been reported from the latter (cf. (201) 
p. 194), and these records possibly relate to special physiological races. 
The evidence, as to the capacity of the hot-spring fornis of this species 
to grow at room temperatures and below, is conflicting (cf. also (422) 
p. 95); Lowenstein (399) reports good growth between 5 and 30° C., 
whilst Vouk ((599) p. 96) failed to obtain it below 40° C. In view of the 
polymorphism of M. laminosus (p. 854) different forms possibly vary in 
their degree of adaptation to higher temperatures. The question has 
frequently been discussed ((422) p. 198, (612)) whether this alga and other 
thermal Myxophyceae constitute a relict vegetation, dating back to a 
period when waters with high temperatures were prevalent, but the 
consensus of opinion is that the flora is one that has become specially 
adapted to its habitat ((155) p. 105, (599) p. (^oo))- 

In the acid solfataras, investigated by Geitler and Ruttner ((255) 
p. 702), only one doubtful member of Myxophyceae {Cyanidium) was 
present above 40° C. From hot springs in Slovakia rich in carbonic 
acid. Prat (492) records an Oscillatoriay which will only grow in artificial 
cultures, if saturated with carbon dioxide (cf. also (316)). 

Myxophyceae are, however, also capable of existing at low tem- 
peratures. This is shown by their plentiful occurrence in cold moun- 
tain streams and especially by the presence, in the frigid lakes of the 
Antarctic, of huge sheets of Phormidium bearing a rich epiphytic flora 

^ Apart from the papers cited above, see (33) p. 12, (m), (113), (208) p. 251, 
(285), (287) p. 138, (568), (61 1) p. 625, (655), (66s), (674). 

^ The older data (78) are probably not altogether reliable. Emoto (162) gives 
a detailed, but altogether uncritical, summary of the literature on the vegeta- 
tion of hot springs. 
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of other Blue-green Algae ((an) p. 3, (618)). Myxophyceae are thus 
capable of existence at greater temperature-extremes than most other 
Algae, although they are rarely represented in the flora of snow -fields. 

Their great importance in the terrestrial flora has already been 
mentioned. The occurrence of the saxicolous forms depends more on 
the degree of hardness of the rock-surface and the extent of shading 
than on the chemical composition of the substratum, although Fremy 
(192) found Stigonema minutum confined to siliceous rocks in Nor- 
mandy. The subaerial growth on calcareous rocks consists chiefly of 
Blue-green Algae (166, 657), comprising Gloeocapsa alpina^ Scytonema 
myochrous, Calothrix parieiina, etc., the last two favouring strongly 
insolated localities. The presence of growth is not always obvious to the 
naked eye (177). In regions with a high degree of humidity, such as 
the gullies and glens on the lower slopes of mountains, both tree- 
trunks and rocks bear gelatinous masses of diverse hues due to various 
Chroococcales and to species of Nostoc, whilst the filamentous forms 
{Phormidium, Scytonema, Stigonema, etc.) produce compact felt-like, 
mucous, leathery or even cartilaginous growths, which often cover 
extensive areas (cf. also (360), (661) p. 424). 

Where high temperatures are combined with high atmospheric 
humidity, this subaerial growth attains to quite an exceptional 
luxuriance. It occurs in great profusion in the damp Tropics ((208) 
p. 203, (210), (256), (666)), and any moist hothouse shows the same fea- 
tures on a small scale. In such habitats epiphyllous forms are not 
infrequent ((210) p. 535). The varied coloration of the sheaths, which 
is especially marked in strongly illuminated habitats (p. 796), may 
give a distinct tint to the landscape over considerable areas ((24) p. 553, 
(217) p. 300; and (216) p. 209 and the literature there cited). Several 
different growth-forms are readily distinguished ((208) p. 207), which 
probably represent successive stages in the colonisation of the sub- 
stratum. Filamentous forms in later stages often produce offstanding 
tufts, in the formation of which phototropic and aerotropic stimuli 
inter alia are probably involved ((538) p. 52). Not uncommonly other 
epiphytic Myxophyceae entwine such tufts ((208) p. 213, (217) p. 362). 
The important role of Myxophyceae in the recolonisation of Krakatau 
was emphasised by Treub ((589) p. 221). Diverse members of the class 
(Chroococcales, Nostoc), covering extensive tracts of ground, are 
occasionally a source of food to the local population ((159), (375), (422) 
p. 104). On the other hand certain aquatic forms are stated to have a 
poisonous action ((450) p. 52, (620) p. 451). 

Myxophyceae also play a role in the soil (i 79 «), being found especially 
on arable land ((17s) p. 244) and on calcareous ((33O p. 548) and other 
alkaline soils ((653) p. 393,(^’56)p. 328). Species of A^o^/or(esp. N. commtme) 
are often conspicuous on the surface, while wefts of Porphyrosiphon 
Notarisii (p. 832) cover considerable areas in warmer regions. Booth 
(34) emphasises the importance of Myxophyceae in the recovery of 
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eroded soil. Both in soil-inhabiting forms and among the lithophytes 
previously discussed, the sheaths no doubt constitute a protection 
against desiccation ((538) p. 50), but the peculiar characteristics of the 
protoplast are almost certainly also of importance, since not all 
strongly resistant terrestrial types are provided with well-defined 
sheaths ((246) p. 70). The physiological aspects of drought-resistance 
in Myxophyceae have, however, not yet been investigated. 

Lime-boring and Lime-depositing Forms 

The Blue-green Algae include a greater proportion of endolithic forms 
than are to be found in any other class. These usually inhabit cal- 
careous substrata (rock, shells of Molluscs, Corals and Corallinaceae), 
into which many actively bore their way (199, 478). In the Dolomites 
a community, consisting largely of Chroococcales and species of 
Trentepohlia, inhabits minute clefts in the rock-faces, believed to be 
due to atmospheric agencies ((147); cf. also (228) p. 254, (661) p. 425). 
On the other hand, in other regions similar endolithic growths, often 
visible only on inspection with a lens, seem to owe their position 
within the rock to the direct action of a solvent excreted by the alga 
((12), (166), (657) p. 246). When the growth is considerable, the surface 
of the rock becomes soft and porous and the erosive effect is 
appreciable. 

In such communities (well represented in the chalk of South 
England), as also in other terrestrial and aquatic habitats, many of the 
blue-green forms present are immature and apparently remain so over 
long periods. Such immature aggregates, which may include or even 
largely consist of representatives of other algal classes, are in need of 
investigation, since they may be of considerable biological significance. 
A study of the factors inhibiting full development would be of interest. 

Filamentous lime-boring forms are of even greater importance in 
the vegetation of the sea. They occur abundantly, associated with 
epilithic species (Calothrix scopulorum, Pleurocapsa fuliginosa, etc.), on 
the many limestone and dolomitic cliffs of the Mediterranean ((22) 
P- 55 > (170-2), (437)), where they occupy definite belts in the upper part 
of the littoral region. The principal genera are Kyrtuthrix (fig. 327 I), 
Hyella (fig. 318 A), Dalmatella (fig. 318 B), Solentia (fig. 318 L), and 
Hormathonema (fig. 318 O), the last two appearing in regions of high 
salinity. On British chalk-cliffs ((8) p. 160), although of less im- 
portance, there are communities including species of Hyella^ Plec- 
tonema terebrans , and Mastigocoleus testarum (fig. 330 G). Such Algae 
are also widely distributed within the ‘shells of freshwater ((103) p. 446, 
(318), (434)) and marine Molluscs ((51 ) p. clxiii, (432), (435)), as well as 
within living and dead Melobesieae ((432) p. 38; cf. p. 51 1). They are 
stated to be very indifferent to changes in salinity, etc. and to 
temporary desiccation ((437) p. 847). They favour ((435) p. 897) hard 
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334* A, Pebble from bed of Badgeworthy Water, Devonshire, with 
rowth of Chaynaesiphon ferrugineus Fritsch. B, Boulder from East Lyn, 
Devonshire, with a stratum of Phormidiurn Retzii Gom. (considerably re- 
duced). C, Growths of Schizothrix fasciculata (Naeg.) Gom., forma, on rock 
from a stream at Lunz, Austria. D, Travertine from Furnace Creek, Potomac 
River, U.S.A., the grey part deposited chiefly by Lyngbya Martensiana 
Menegh. var. calcarea Tilden and Schizothrix pxilvinata (Kiitz.) Gom., the 
black mass by Lithomyxa calcigena Howe. E, Two calcareous concretions 
from same locality, in section, formed chiefly by L. calcigena, (A, B after 
Fritsch; C after Geitler; D. E after Howe.) 


Nadson ((436) p. 1016) is of the opinion that they contribute to the 
formation of atolls by destroying the central parts of coral-reefs. 
Similar forms have probably been active from the Silurian onwards. 


55-2 
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It is not known how penetration is effected, although secretion of acid 
(oxalic) is suspected. Chodat ((103) p. 456), finding an alkaline reaction 
in the neighbourhood of the penetrating threads, suggests that there is 
withdrawal of carbon dioxide from the lime and that the resulting 
hydroxide later combines with the carbon dioxide of respiration to form 
fresh lime. Others ((437) p. 844) have also concluded that these forms 
may precipitate lime. 

Only brief mention can be made of the furrowed (calcareous) pebbles 
(“ Furchensteine*’, “galets sculptes”) that have been reported from the 
shallow water of many European lakes. Schroter and Kirchner ((543) 
p. 48) conclude that the meandering furrows are due to removal of the 
layer of encrusting Algae (species of SchizothriXy etc.) by insect-larvae, 
which are themselves supposed to play an active role in primary erosion 
along their tracks ; further deepening of the furrows then results from 
the action of the lake water on the exposed surface. Chodat ((103) p. 450 ; 
cf. also (15) p. 49, (424)), however, is of the opinion that the furrows are 
due to the action of the Myxophyceae present, the varied course of the 
furrows being determined by the physical characters of the pebble. 

Many freshwater Myxophyceae have the capacity to precipitate 
appreciable quantities of lime ((127), (260) p. 387, (330) p. 39, (477), (584), 
(606) p. 27), which may in certain instances lead to the production of 
extensive deposits (fig. 334 D), although it does not seem that marine 
Blue-green Algae often function in this way (cf. however (29 «) and 
(si 3) p. 267). Their important role in inland lakes is emphasised by 
Baumann ((15) p. 26). Species of Rivularia (p. 840) and Schizothrix 
(p. 832) are chiefly concerned, although Petalonema crustaceum and 
Aphanothece Castagnei, for instance, can also produce considerable 
amounts of calcareous tuff ((403), (580) p. 547). Wieland (621) ascribes 
deposits found in the chalk of Wyoming, U.S.A. to the activity of a 
blue-green form allied to Phormidium^ in which Gomont ((262) p. xx) 
has recorded lime-deposition. Howe ((317) p. 59) gives a useful sum- 
mary of the literature on such deposits, past and present. Deposition 
of lime is also very marked on the part of thermal Myxophyceae, and 
the brightly coloured basins and terraces (travertine) formed in and 
around hot springs in many parts of the world owe their brilliant 
colours to the Algae living within the superficial layers ((m) p. 44, 
(548) p. 21, (58s), (611)). How far they may also be concerned in the 
formation of siliceous sinter-deposits ((611) p. 650) is not clearly 
established. 

Spherical or otherwise shaped calcareous pebbles, which are often 
of considerable size and lie loose on the bottom of shallow fresh- 
waters, have been reported from various parts of the world (430, 469, 
483, 48s, 513, 662) and similar concretions have been found in streams 
(510). Diverse opinions have been expressed as to the genera and species 
concerned in the formation of these structures, but Schizothrix 
fasciculata (Naeg.) Gom. is no doubt often an active form. Howe (317) 
ascribes a considerable role in the formation of pebbles and travertine 
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to a member of Chroococcales {Lithomyxa) (fig. 334 D, E). The 
pebbles usually exhibit concentric zonation, as well as a radial arrange- 
ment of the calcite crystals (fig. 334 E). It has been suggested that the 
oolitic particles found in diverse geological strata may have had a 
similar origin ((514) p. 7, (549) p. 125, (664) p. 82). 

The lime is always deposited within the enveloping mucilage, never 
within the cells. It first appears as separate crystals which gradually 
form clusters (fig. 324 D, /), until the whole of the mucilage may be 
replaced by lime. In larger aggregates only the outer parts are occu- 
pied by the living alga. It has commonly been assumed that lime- 
deposition is due to extraction of carbon dioxide from the water 
during photosynthesis. The process is, however, often specific and 
effected only by certain members of a blue-green population, so that 
special physical or chemical properties of the sheaths are perhaps in- 
volved. It has been suggested ((246) p. 74) that Bacteria, many of which 
have the property of depositing lime ((477) pp. 3, 44), may often be 
active agents in the production of these masses, especially in filling 
out the spaces previously occupied by the living alga. A relation be- 
tween Iron-Bacteria and the formation of calcareous deposits has also 
been postulated ((109), (403) p. 25). 

The crystals deposited by Myxophyceae at temperatures between 1 5 
and 20° C. always consist of calcite (593) and their shape is stated (493, 
60s) to be individual to each organism. Weed ((611) p. 644) found that 
I *25-1 *5 mm. of travertine may be formed in three days in the Yellow- 
stone National Park. According to Prat (490) certain of these forms can 
grow in the absence of calcium. 

Several saxicolous forms (e.g. Scytonema Julianum (538) p. 39, (657)), 
which are distinguished by a grey-green PewfaV/fww-like appearance, owe 
their colour to a thick envelope of small crystals of calcite and magnesium 
carbonate; these are lacking when the threads grow submerged. The 
production of this envelope, even on offstanding threads, is evidence of 
mineral transport; there is indeed appreciable guttation from the tips 
of projecting threads of S. Julianum, 

Diverse Myxophyceae deposit iron hydroxide in or upon their 
sheaths. The phenomenon has long been known in Lyngbya ochracea 
((443) p. 9) and is also recorded in other species of Lyngbya (443, 598), as 
well as in Microcoleus (200, 601), Anabaena p. 44), Aphanothece ((150) 
p. 49), and Chamaesiphon ((213) p. 178, (560) pp. 32, 41), but Naumann 
((447) p. 25) emphasises that the abundant iron-deposits found in the 
lakes of Denmark and Scandinavia are not normally formed by Blue- 
green Algae, being due to bacterial action or to chemico-physical causes. 
Paracapsa (p. 819), a member of Chroococcales, however, produces 
considerable iron-deposits (444, 668). 
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The Process of Nutrition 

The majority of Myxophyceae, that have been examined from this 
point of view^, grow well in mineral solutions devoid of organic sub- 
stance (259, 402, 496), a slight alkaline reaction proving most suitable. 
Nitrogen can be supplied in the form of nitrates, ammonium-salts or 
nitrites, the first in general affording the best and the last the least 
satisfactory growth ; calcium (cf. also (146) p. 275) is essential (cf. how- 
ever (490)) and there is a considerable uptake of both calcium and 
magnesium ((466) p. 89). On agar, growth is often better than in 
mineral solutions ((Si) p. 512, (291) p. 177, (402) p. 446) and some 
Myxophyceae penetrate well below the surface of the medium (493). 

The numerous cultures of Blue-green Algae undertaken during the 
last twenty-five years have revealed a great degree of constancy in 
essential characteristics and lend no support whatsoever to the many 
records of polymorphism contained in the older literature ((106), (286), 
(287) p. 46, (324), (32s), (531), (641) p. 43, (642), (645)). These are no doubt to 
be ascribed to the frequent association of diverse Myxophyceae in com- 
posite growths, and to the fact that colonial forms are often the pre- 
cursors of filamentous types in the colonisation of terrestrial and aquatic 
substrata ; superficial investigation, therefore, readily suggests the pas- 
sage of one form into another. Even before the days of controlled 
cultures, the existence of pronounced polymorphism was questioned by 
more reliable authorities ((140) p. 554, (264) p. 271). There is in some 
instances a certain measure of plasticity (cf. pp. 820, 844 and (120) p. 410, 
(201)), but this would appear to be the exception rather than the rule. 

In investigating the nutrition of these Algae, and especially their 
relation to organic nutriment, it is necessary to eliminate the Bacteria 
that occupy the surface of the trichomes and often live in abundance 
within the gelatinous sheaths. Pure cultures of diverse Oscillator iaSj 
as well as of Nostoc cuticularcy were first achieved by Pringsheim (496) 
and have since been obtained with other species of Nostoc and 
Anabaena (cf. (91 ) p. 3 and p. 872), although the evidence for lack of 
bacterial contamination is not always satisfactory. No member of 
Chroococcales has so far been freed from its bacterial population and 
this is equally true of the bulk of the filamentous genera. Certain 
earlier investigators ((67-9), (80 p. 538),^ working with impure cultures 
of diverse Myxophyceae, concluded that the addition of carbohydrates 
or other organic substances to the medium stimulated growth, par- 
ticularly in weak light or darkness. Pringsheim ((496) p. 81), however, 
failed to establish any growth in darkness in his Bacteria-free material, 
even after addition of organic substance, nor could he observe any 
marked improvement in the light in cultures thus treated, as compared 
with those reared in suitable mineral solutions (cf. also (104) p. 203). 
On the other hand. Harder ((291) p. 180), utilising the Nostoc puncti- 
^ For a full discussion of this older literature see (291). 
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forme extracted from Gunnera (cf. p. 872), obtained slow but evident 
growth in the dark in cultures provided with diverse organic sub- 
stances, although this species is also capable of autotrophic nutrition 
(cf. also (497)). 

The tentative conclusion is permissible that some (perhaps many) 
Blue-green Algae are purely autotrophic, while others are capable of 
heterotrophic nutrition, perhaps in part more especially in the absence 
of light (cf. Chlorococcales, i, p. 18 1). The frequent occurrence 
of Oscillatorias and other Myxophyceae in polluted waters, rich in 
sulphuretted hydrogen ((257) p. 10, (305), (422) p. 67, (569)), is not neces- 
sarily proof of a saprophytic tendency, but may be due to a capacity 
to exist in habitats poor in oxygen ((496) p. 86). Certain Blue-green 
Algae can remain alive in the dark for long periods and may even 
retain their pigmentation ((5) p. 455, (17s) p. 259, (176), (31s) p. 44; cf. 
also (II), (291) p. 148). On the other hand, the amount of growth in 
cultures is proportional to the period during which they are illumi- 
nated ((322) p. 132). 

There can be no doubt that colourless Myxophyceae occur in a free 
state in nature, although these have as yet scarcely been studied. 
Koppe ((357) p. 641) describes a colourless Oscillatoria (O. angusta) 
inhabiting bottom-deposits and Prof. Pringsheim has a similar 
form in culture. More attention has been paid to certain delicate 
filamentous types that have been found in the human mouth (Simon- 
siella (1S3, 552)) or in the intestine and other organs of various animals 
(Oscillospiray Sirnonsiella, Anabaenioluniy etc. (100, 138, 306, 377, 551, 
552)), some of which at least may prove to be colourless Myxophyceae. 
Oscillospira, which has the habit of an Oscillatoriay exhibits motility and 
reproduces by means of short lengths of thread resembling hormogonia ; 
according to Delaporte ((144), (h5) p. 45) the cells contain a central body 
showing the nucleal reaction. The filaments of Anahaeniolum contain 
occasional empty cells which have been interpreted as heterocysts, 
while the remainder are stated to exhibit differentiation into centro- 
plasm and peripheral cytoplasm containing one or more large 
metachromatin bodies (438). Several of these genera, however, form 
endogenous spores after the manner of Bacteria, and this renders any 
assignation to Myxophyceae tentative. A more robust form described 
from the intestine of the carp (384) has been regarded as a true Oscil- 
latoria. 

Diverse earlier workers established that Blue-green Algae often 
grow well in nitrogen-free solutions (66, 187, 190, 363, 486), with or 
without organic matter, and this has usually been ascribed to the co- 
operation of nitrogen-fixing Bacteria, which almost certainly occur 
within the enveloping mucilage (335). Beijerinck (21), in particular, 
showed that Nostocaceae tend to predominate when soil-samples are 
treated with nitrogen-free solutions (cf, also (524) p. 832). In recent 
years evidence has been forthcoming that certain Blue-green Algae 
possess the capacity of nitrogen -fixation ((4), (5), (6), (7), (152), (564) p. 272), 



872 MYXOPHYCEAE (cYANOPHYCEAE) 

although absence of Bacteria is not always conclusively proved. The 
most convincing demonstration is that of De (139) for Anabaenas 
inhabiting Indian rice-fields, and there seems to be 'no doubt that 
certain species of this genus and of Nostoc can fix nitrogen. A Phor~ 
midiurn from the same habitat did not possess this faculty, nor could 
Glade ((259) p. 328) establish nitrogen-fixation in Cylindrospermum 
(cf. also (402) p. 452), although it has been affirmed by Singh (676). 
The process in Anabaena only takes place in the absence of sufficient 
readily available combined nitrogen (651) and traces of molybdenum (667) 
are stated to be requisite. The capacity to fix nitrogen has also been 
asserted for the Nostocaceae that occur within the tissues of diverse 
higher plants (see below). 

Symbiotic Blue-green Algae 

Blue-green endophytes, belonging to the Nostocaceae, are found with 
considerable regularity in the liverworts Blasia, Cavicularia, and 
AnthoceroSy in Azolla, in the negatively geotropic coralloid roots of 
Cycads, and in the phanerogam Gunnera. In the last (413, 504), where 
the alga occurs within three wart-like swellings on the leaf-bases, 
probably representing arrested roots, the filaments actually occupy 
the cell-contents (fig. 335 A, n). In the other instances, however, they 
merely inhabit large intercellular spaces (fig. 335 B, an) which appear 
usually to be filled with mucilage. The algal zone in Cycads ((31s), (394), 
(505), (537), (607) p. 178) lies in the middle of the cortex (fig. 335 B) and 
the cells of the host bordering this space produce tubular ingrowths 
(/)), between which the filaments of the Anabaena {afi) spread. Similar 
ingrowths, usually intimately associated with the algal threads, occur 
in Anihocer os (3^7) y Blasia (604) and Azolla; in the last they are stated 
((454) p. 160) to contain proteins. 

Infection is always secondary. The algal threads penetrate through 
pores, situated ventrally near the apex of the thallus of Anthoceros and 
on the under surface of the floating leaves of Azolla^ through lenticel- 
like areas chiefly occupying the bases of the coralloid roots of Cycads 
(31s, 394), and through the apices of the warts on the leaf-bases of 
Gunnera. In Blasia and Cavicularia ((421), (422) p. 118) the stellate 
gemmae are stated to be nearly always infected, while Anabaena- 
akinetes are invariably present in the megasori of Azolla ((320) p. 318). 
Infection of Anthoceros has been brought about experimentally with the 
help of hormogonia ((332) p. 77), but in general such attempts have not 
been successful (cf. also (573) p. 518). 

The presence of the alga is not invariable ((336), (394), (573) p. 516). 
Peirce (467) grew thalli of Anthoceros devoid of Nostoc by sowing spores 
on sterilised soil, while AnabaenaAree Azollas have been obtained by 
diverse means ((320) p. 317, (395)). The data on the comparative growth 
of uninfected and infected individuals are conflicting. According to 
Peirce (467) plants of Anthoceros that lack the alga are more robust. Alga- 
free plants of Azolla and Gunnera continue to thrive (336, 395), although 



Fig* 335* Symbiotic Myxophyceae. A, small part of tissue of leaf-base of 
Gunner Gy with the endophytic Nos toe punctiforme (Kiitz.) Har. (w). B, small 
part of cortex of a Cycas-root, with endophytic Anabaena Cycadeae Reinke 
{an). C-E, G-I, Lempholemma {Physma) chalazanum Ach.; C, shrivelled 
haustorium in algal cell; D, H, I, penetrating haustoria; E, G, reaction of 
algal cells to haustoria. F, Synalissa violacea Geitl., Gloeocapsa-ceW^ {g) in 
division, hyphae with appressoria (a). J, K, Ephehe lanata (L.) Wainio, tips 
of threads; J with few, K with many fungal hyphae. a, appressoria; an, 
/ina6aena-threads ; c, cyanophycin granules; co, cortex of host; g, Gloeocapsa- 
cells; hy haustoria; n, Nostoc-cells; p (in B), process; sty Stigonema. (A after 
Miehe ; B after Life ; the rest after Geitler.) 

capacity of Blasia and Cavicularia to live without the algal partner. 
According to Watanabe ((607) p. 169) the coralloid roots of Cycads re- 
main arrested if uninfected, and ultimately die. 
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Some confusion exists as to the members of Nostocaceae concerned ; 
most are readily grown in artificial cultures (497). According to Hariot 
(297) Gunnera, Cycas, and Zamia all contain Nostoc punctiforme, and this 
has been rather generally accepted. The form found in liverworts has 
also been regarded as a Nostoc , and Takesige ((573) p. 518) states that he 
was able to infect Blasia with a Nostoc isolated from Cavicularia and 
even with certain forms obtained from Ov^:«5-roots. According to him, 
however, the latter harbour at least three species of Nostocaceae, two 
of them Nostocs and the third possibly an Anabaena (cf. also (387) p. 416). 
Most workers have indeed referred the alga present in Cycads to 
A. Cycadeae {SOS ^ 559, 607), while that found in Azolla is always regarded 
as an Anabaena {A. Azollae Strasb.). Other forms, like Oscillatorias and 
Diatoms, are occasionally present, while Jonsson (336) was able to infect 
Gunnera with Chlorococcum. According to Life ((394) p. 268) Fungi also 
occur in the Cycad roots. 

Bacteria, including nitrogen-fixing forms {Azotobacter)^ are no 
doubt always associated with these endophytic Algae (65). Azolla- 
plants containing Anabaena, by contrast to those devoid of it, are 
stated to grow well in nitrogen-free solutions ((395), (408) p. 220, (454)), 
although this is denied by Huneke ((320) p- 335)- According to Molisch 
Blasia and Cavicularia mostly occur in habitats poor in available 
nitrogen. Spratt (559) found that the Anabaena from Cycas grew 
best on blotting paper, soaked with the expressed sap of the 
coralloid roots. 

The relation between the Algae and their hosts is, however, not 
yet clear. While some ((246) p. 79, (607)) regard the former as pure 
“space-parasites’’, perhaps leading an heterotrophic existence within 
the host ((291) p. 222), others believe in a symbiosis in which the higher 
plant profits by a supply of nitrogen, derived either from the activities 
of the associated Bacteria {(573) p. 522) or even from the alga itself 
((421) p. 186). Since the capacity to fix nitrogen is now clearly estab- 
lished for Anabaena (p. 872), the last possibility cannot be ruled out. 
The evidence in its favour is, however, at present unsatisfactory and 
conflicting. 

Harder ((291) p. 179) succeeded in cultivating Bacteria-free material of 
Nostoc punctiforme, obtained from Gunnera, for long periods on mineral 
agar without nitrogen, although better growth was obtained if slight 
amounts of nitrates were present. It is possible that in these experi- 
ments nitrogen may have been derived from the agar, and in this con- 
nection it is noteworthy that Pringsheim ((497); cf. also (573) p. 520) 
observed no multiplication in nitrogen-free mineral solutions. Vouk 
and Wellisch (602), using the Algae from Blasia, Anthoceros, and Azolla, 
arrive at the same conclusion as Harder, although they produce no 
evidence that their cultures were free from Bacteria (cf. also (667)). 
Winter (628) concludes that Nostoc punctiforme fixes nitrogen in 
mineral solutions only in the presence of fructose. Molisch ((421) p. 174) 
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states that the Nostoc from Blasia and Cavicularia grows well in nitro- 
gen-free solutions, but it seems doubtful whether his cultures were pure. 

Blue-green Algae, belonging principally to the genera GloeocapsUy 
Nostoc (14, 136, 306), Scytonemay and Stigonemay constitute the algal 
partners in many Lichens ((44) p. 71) and are invariably present in the 
so-called cephalodia. In certain Lichens the alga predominates and 
sometimes (Collemay Ephebcy with Nostoc and Stigonema respectively) 
even retains its usual form. In other instances, however, the growth 
of the alga is more or less profound|y modified so that the specific 
characteristics are obscured. Thus, in a species of Synalissa described 
by Geitler ((247) p. 383; cf. also (44) p. 93) the shrubby or coralloid 
thallus contrasts markedly with the usual amorphous one of the alga 
(Gloeocapsa alpina Naeg.), while in Placynthium nigrum ((248) p. 62; 
Pannaria triptophylla var. nigra Born., (44) p. 86) the algal partner has 
the appearance of a NostoCy although cultures prove it to be a Dicho- 
thrix. In most of the genera mentioned (fig. 335 J, K) the fungal 
hyphae (h) merely form a close weft around the algal threads, but in 
the majority of Lichens with blue-green symbionts the latter are com- 
pletely immersed in the plectenchyma of the fungus. 

The fungal hyphae often merely come into close contact with the 
algal partner, but sometimes they form definite appressoria {SynalissUy 
fig. 335 F, a) or actually penetrate the cells (fig. 335 D, H, I) with 
destruction of the protoplast {Dictyonema (44) p. 81 ; Physma cyathodes 
(406); Lempholemma chalazanum (44) p. 58, (247) p. 387). In the last 
instance the algal cells react by an increase in size and the develop- 
ment of a firm membrane (fig. 335 E). Sometimes the fungal haustoria 
are pushed aside (fig. 335 G) or shrivel after penetration (fig. 335 C); 
such phenomena are frequent in cultures. 

The algal cells usually contain few or no cyanophycin granules, 
although this seems to depend on the degree of contact between alga 
and fungus ((247) p. 403, (635) p. 41). In Collema such granules are 
always present, though fewer than in a free Nostoc y while in Ephehe 
their number depends on the density of the hyphal envelope (cf. fig. 

335 J and K, c).i 

Diverse examples have become known in which Blue-green Algae 
live as endophytes within Protophyta, which are themselves devoid of 
chromatophores. The endophytic cells, which for the most part belong 
to the Chroococcales, no doubt function as chromatophores, since the 
dual organisms are capable of an autotrophic existence. Two instances 
of this kind have already been noted in the first volume, viz. Gloeo- 
chaete (i, p. 124) and Glaucocystis (i, p. 186),^ both of which were 

' Myxophyceae do not appear to be very subject to fungal attack (see 204, 
391, 541, 673). 

^ The extensive literature dealing with this genus (105, 239, 272, 303, 
373) contains a number of unexplained contradictions, and it does not appear 
altogether out of the question that more than one alga may be involved. 
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long regarded as anomalous members of Myxophyceae. Geitler (239) 
showed that their “ chromatophores ” are differentiated into chro- 
mato- and centroplasm and that the latter is deeply stained by 
methylene blue. 

Comparable examples are described by Pascher (465), who speaks of 
all such blue-green endophytes as Cyanellae. In Cyanoptyche^ a 
probable member of Palmellaceae with naked starch-containing cells 
embedded in mucilage (fig. 336 G), the numerous Cyanellae (r) 
occupy a parietal position; the biflagellate swarmers (fig. 336 H), 
formed directly from the motionless cells, are likewise crowded with 
the symbionts (^:). 

Colourless Flagellates may also be occupied by Cyanellae. In 
Peliaina (fig. 336 E, F), a dorsiventral form of uncertain affinity, the 
spherical cells {c) of the endophyte {Synechocysth sp. ?) are few in 
number and there may be only one. When this is so, division of the 
host (fig. 336 D) may result in individuals which, though viable, are 
completely devoid of the symbiont and fail to show the phototactic 
response evident when the latter is present. The blue-green cells 
remain alive and even divide after being pressed out of the host. 
Korschikoff’s ((359) p. 71) Cy anaphora is an analogous, though not 
fully substantiated, example (cf. (465) p. 407). 

The classical instance of the occurrence of a blue-green endophyte 
within a colourless organism is furnished by the Rhizopod Paulinella 
((314), (378), (463), (46s) p. 388, (468) p. 607) which, since its first dis- 
covery, has been found in many parts of the world. The blue-green 
symbiont (fig. 336 B, c) here takes the form of two large sausage- 
shaped structures {Synechococcus .?), which remain alive for some 
hours when squeezed out of the host. During the division of 
Paulinella^ one of the two Cyanellae passes through the narrow 
aperture of the test into the new daughter-individual and, like that 
left in the parent, soon divides into two. 

Little success has hitherto attended the efforts to cultivate these 
endophytes outside their host, which is probably due to their pro- 
found adaptation to the environment so that suitable conditions of 
existence are not readily reproduced. That the Cyanellae play an im- 
portant part in the nutrition of the hosts is shown by the capacity of 
the latter to lead an autotrophic existence and by the absence of 
holozoic nutrition in Paulinella. Cyanophycin granules are lacking in 
the endophytic cells, although appearing when these are freed from 
their hosts (especially marked in Peliaina). In Peliaina occasional 
complete digestion of a Cyanella has been recorded, but for the most 
part the endophytic cells appear quite healthy, as is also evident from 
their frequent division within the host (fig. 336 C, D). 

It has been suggested (77) that the association originated from a 
capacity to resist digestion on the part of certain ingested individuals, 
but it is doubtful whether this hypothesis is universally applicable. 
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The advantage, other than protection, gained by the endophyte is not 
at present apparent, but there may well be nutritive interrelations 
which await elucidation. Its presence may profoundly modify the 
host’s metabolism, since Peliaina ((46s) p. 402) produces plentiful 
reserve-starch, although individuals devoid of Cyanellae often lack 



Fig. 336. Symbiotic Myxophyceae. A, Richelia intrace llularis J. Schmidt (r) 
in the frustule of a Rhtzosolenia. B, Paulinella chromatophora Lauterb. 
C-F, Peliaina cyanea Pascher ; C, cell with Cyanellae in process of division ; 
D, division-stage; E, F, motile individuals, in E from the side. G, H, 
Cyanoptyche Gloeocystis Pascher; G, two-celled colony; H, swarmer. I, J, 
Oicomonas syncyanotica Pascher, with an envelope of Chroostipes linearis 
Pascher; J, division-stage. K, L, Spirillum sp., with symbiotic Algae (c). 
r, symbiotic Algae; Vy contractile vacuole. (A after Karsten; the rest after 
Pascher.) 


Starch altogether. The peculiar condition is therefore realised that a 
substance is formed by the dual organism which neither partner can 
produce by itself. 

Filamentous Myxophyceae more rarely occur as endophytes of this 
kind. Apart from Geosiphon, a probable Phy corny cete inhabited by 
endophytic Nostoc (i, p. 498), there is the instance afforded by Richelia 
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intracellular is (Microchaetaceae, see (337) p. 536, (465) p. 393), which is 
found in the cells of various marine Rhizosolenias (fig, 336 A, r). This 
example differs from the instances above discussed in that the host itself 
possesses chromatophores, although these are often rather scanty. 

A different relation ((253) p. 453) is seen in the association of certain 
Myxophyceae of small dimensions with Monads or Bacteria {syncya- 
noses of Pascher (461)). Whether these aggregates are autotrophic is un- 
known. The blue-green cells, which in part probably belong to the 
Cyanochloridaceae (p. 860), occur in larger or smaller numbers within 
the mucilage-envelope of their partner (fig. 336 I-*L, c). The first 
aggregate of this type to become known was Chlorochromatium aggre- 
gatuni Lauterb. ((380) p. 197, (382) p.432, (620) p. 499 ; Chloronium mirabile 
Buder (82)), in which the central organism is probably a bacterium. 
Pascher describes other instances, in which it is constituted by a 
Spirillum (fig. 336 K, L) and an Oicomonas (fig. 336 I) respectively. 
When the latter divides (fig. 336 J), the algal cells are distributed to the 
products, although there is some evidence that the former can also exist 
independently. The bacterial syncyanoses occur in putrefying bottom- 
deposits, where the oxygen set free in photosynthesis by the enveloping 
Algae is possibly of advantage to the central organism. 

A definite, though probably less intimate, relation is also to be sus- 
pected in the diverse epibiontic species that are associated with, and com- 
monly live within the mucilage of, other Algae. Such arc : various 
species of Lyngbya (L. mucicola Lemm., L. Rivulariarum Com., cf. also 
(i6i)) found within the mucilage of other Myxophyceae and Chloro- 
phyceae; Dactylococcopsis nmaco/a Hustedt (321) in that of Nostoc; the 
minute Cyanodictyon within that of planktonic Anabaenas ((461) p. 349) ; 
and Phormidium mucicola (319) in the mucilage of Microcystis ^ Gompho- 
sphaeria, etc., as well as in that of Rotifers. The last-named is believed 
to have a harmful effect on Microcystis-colorn^s. Possible symbiotic 
relations between filamentous Myxophyceae and certain types of 
Bacteria have also been recorded ((109) p. 342, (358)). In this connection 
reference may be made to the examples of close association between 
Polyzoa and species of Tolypothrix and Dactylococcopsis recorded by 
West and Annandale (619) from India and to the occurrence of a species 
of the latter genus within sea-urchins (425).^ Picken (479) deals with the 
association of certain Protozoan communities with Oscillatoriay while 
Rees (503) describes a community of Rivularia bullata and Balanus. 
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Absorption-spectrum, of fucoxan- 
thin, 29, 30* ; of phycocyanin, 
406*, 407, 781 ; of phycoerythrin, 
406*, 407, 782 

AcanthococcuSy 742; A, antarcticus, 

742 

Acanthophoray 556, 709, 717, 746; 
A, Delileiy ii; A. spiciferuy 556, 
557*; A, Thierii (syn.), 556 
Accessory reproduction, in Ecto- 
carpales, 51, 119, 121, 126, 128, 
131, 132, 136; in Phaeophyceae 
generally, 38; in Rhodophyceae, 
41 S, 43S. S99. 6*3-5*. 73*: in 
Sphacelariales, 291 ; in Tilopteri- 
dales, 155 

Acetabulariay 5; A. mediterraneay 11 
Acinetae, 41 

Acinetosporay 148 et seq.*; A, pusillay 
122, 149 et seq.*; A, Vidovichiiy 
149 et seq.* 

Acrochaetiaceae, 737 
Acrochaetiuniy 397, 402, 424, 444, 
450-3*, 456, 592, 608, 612, 622, 
623, 625, 729, 737; A. attenuatuniy 
450, 451*; A. corymbiferuniy 453, 
608, 609*; A. crassipesy 451*; 
A. cytophaguniy 451*, 453; A. 
Daviesiiy 450, 451*, 624*, 625; 
A. efflorescensy 451 et seq., 608, 
625, 626*; A. endozoicUy 453; A, 
gynandruniy 608; A. Hauckiiy 450; 
A, humiley 451*; .4. minimuniy 451 ; 
A. multisporumy 625 ; A, parvuluniy 
450; A. PolyideSy 451*; A. rhipid- 
andrunty 451*, 608, 624*; A. 

Thuretiiy 608, 625; A, trifiluniy 
451; A. violaceunty 452, 608, 609*, 
625, 626*; A, virgatuluniy 625 
Acrocytisy 299 

Acrosoriuniy 536, 588, 700, 716, 746; 
A, reptansy 536; A, uncinatuniy 
536, 588; A. venulosuniy 538* 
Acrosymphytunty 457, 601, 630, 635, 
637-8* 641, 724, 725, 740; A. 
purpuriferuniy 457, 600*, 635, 637* 
AcrothriXy 87-8*, 89, 90, 140; A, 
gracilis, 87 et seq.*; A, novae- 
angltae, 88*, 90 


Acrotrichaceae, 140 
Acrotylaceae, 742 

AcrotyluSy 669, 742 ; A. australis, 670* 
Actinococcus chiton (syn.), 735; A. 

subcutaneus (syn.), 732 
Actinothamnion, 523 
Acystisy 343, 382 
Adelophycean stage, 132 
Adenocystideae, 219 
Adenocystisy 219; A. utricularis, 205* 
Aegagropilous forms, 263, 591, 863 
Aegira, 79 
AeodeSy 740 
Agar-agar, 400 

Agardhiella, 404, 494, 660-3*, 727--8, 
741; A, Coulteri, 494; A, ramo- 
sissima, 494; A. tenera, 494, 495*, 
660 et seq.*, 726* 

Agareae, 253, 254 

Agarum, 197, 241, 253; A. cribrosum, 
8, 197, 198*, 242; A. fimbriatum, 
241; A. Turneri (syn.), 197 
Aglaozonia-stages (of Cutleria), 158- 
60*, 163, 164*, 165 et seq., 168*, 


Aglaozonia (syn.), 1 59 ; ^4. canariensis, 
319; A, chilosa (syn.), 159, 167; 
A. melanoidea (syn.), 159, 163, 
167; A. parvula (syn.), 159, 163; 
A. reptans (syn.), 159 
Ahnfeltia, 400, 494--5*, 5^3, 734-6*, 
744; A, plicata, 8, 400, 494-5*, 
734-5* 


Air-bladders, of Fucales, 327, 332, 


337, 341, 360, 382 ; of Laminariales, 


Akinetes, 153, 431 ; of Myxophyceae, 
773, 775, 777, 778, 787, 790, 799, 
801, 806, 607-11*, 819, 835, 852 
Alaria, 35, 213-15*, 221, 225, 226, 


232, 235 et seq., 240, 247, 253; 
A, crassifolia, 39*, 249*; A, escu- 
lenta, 8, 213 et seq.*, 228*, 233*, 
235, 244, 247 et seq.*; A.fistulosa, 
215; A» marginata, 215; A, nana, 
215; A, oblonga, 214*; A» Pylaii, 

8 , 253 

Alariaceae, 23, 213-19*, 253 
Alarieae, 253, 254 
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AlethocladuSy 263, 273, 274, 275, 300 
Algin, 24 

Allogoniunif 438; A. smaragdinunit 
429 

Alternation of generations, in Cut- 
leria, 159, 165-70; in Ectocarpales, 

51, 126-36; in Florideae, 415, 
599-602, 622 et seq., 722 et seq.; 
in Phaeophyceae generally, 40; in 
Sphacelariales, 291-3 

Amansia, 570, 572, 705, 707, 719, 
720, 747; A. glomeratUy 570, 571*; 
A. marchantioides (syn.), 560; A. 
multifida, 570, 571* 

Amansieae, 568-72*, 747 
Amphibia (syn.), 551 
Amphiroay 476, 509, 648, 655, 741; 
A, crassa, 476; A. dilatata, 476; 
A. rigida, 475*, 476, 646, 648, 655 
AmphithriXy 840, 861; A. janthina, 

839* 

Amplisiphoniay 563, 746 
Amyloid, 399, 400 
Anabaena, 772, 789*, 793, 797, 799, 
800, 806, 835, 861, 869, 870, 872 
et seq., 878; A. Azollae^ 809*, 
874; A. circinalisy 779*; A. con- 
strictay 835; A. Cycadeacy 797*, 
799, 81 1, 873*, 874; A. cylindricay 
809*; A. flos-aquaCy 792*, 808, 
809*; A, inaequalisy 809*; A. 
Lemmermanni (syn.), 808; A. oscil- 
larioideSy 834*, 835; A. variabilisy 
797*, 800 
Anabaenin, 780 
Anabaeniolumy 871 

Anabaenopsis, 836, 861 ; A, circularisy 
797*; A. Milleriy 834* 
Anadyomene stellatOy 12 
AnalipuSy 87, 140; A. fusiformisy 86* 
AnathecGy 741 ; A.furcata (syn.), 741 
Anatomical structure, of Desmare- 
stiales, 182-6*; of Fucales, 355- 
62*; of Laminariales, 221-44* 
Anisocladus, 287 

Anisogamy, 38, 51, 120-4, 155, 157, 

293 

Annuals, 3,5; among Phaeophyceae, 

52, 68, 73, 77 et seq., 90, 98, 157, 
173, 180, 193, 200, 204, 207, 302; 
among Rhodophyceae, 423, 455, 
518 

Anomalae (Fucales), 344 
Antarctic, algal flora, 10; Myxo- 
phyceae of, 769, 864 ; Phaeophyceae 
of, 19, p, 180, 253-4, 263, 329; 
Rhodophyceae of, 502, 574, 580, 
742, 744 

Antheridia, of Bangiales, 432-3*; of 
Ceramiaceae, 691-4*; of Crypto- 
nemiales, 632, 634, 635, 639, 642, 
648-9; of Delesseriaceae, 701-2*; 


of DesmarestiCy 1 87 ; of Dictyotales, 
302, 313-15*; of Florideae gener- 
ally! 593-7*; of Fucales, 40, 368, 
374-6*; of Gigartinales, 657, 660, 
663, 666, 669, 672-3; of Lami- 
nariales, 250; of Nemalionales, 
608, 610, 612, 614, 616, 620, 622, 
624; of Rhodomelaceae, 707-10*; 
of Rhodymeniales, 677, 681-2*; 
of Sporochnales, 177-8*; of Tilo- 
pteridales, 151, 153, 155 
Anthoceros and Nostoc, 769, 872-4 
AnthophycuSy 341, 382; A. longifoliuSy 
340*, 341 

Antithamniony 399, 522-3, 576, 587, 
602, 604, 684-5*, 691, 712, 714, 
719, 720, 744; A. borealCy 725; 
A. cruciatumy 401, 403*, 521 et 
seq.*, 712, 713*; A. elegans, 522; 
A. floccosumy 522; A. pacificumy 
684, 685; A. plumulay 399, 521 
et seq.*, 586* 684*, 685, 691, 
729; A. spirographidis, 401, 684, 
685; A. subulatuMy 522 
Antithamnionellay 401, 522, 588, 714, 

725 

AphanizomenoHy 772, 800, 808, 835, 
861; A. flos-aquaCy 834* 
AphanocapSQy 793, 804, 814, 861; 
A. Grevilleiy 814; .4. littoralis, 862; 
A. sescianensisy 789* 

AphanothecCy 804, 812, 814, 816, 861, 
869; A. caldariorumy 810*; A. 
Castagneiy 868; A. muraliSy 812; 
A, prasinUy 779*; A. stagninay 814, 
815* 

Apical growth, of Dictyotales, 23, 
304, 305; of Ectocarpales, 90, 112, 
139; of Florideae, 397, 445 » 479, 
482, 513, 515, 529; of Fucales, 23, 
322, 344, 349 et seq.*; of Myxo- 
phyceae, 769, 791, 824, 842, 848, 
855; of Sphacelariales, 23, 35, 
260, 264-6*, 297 
Aplanospores, 153, 81 1 
Apogamy, 38, 51, 120, 122, 124, 128, 
130, 133, 136, 166, 177, 291, 434 
Apoglossumy 529, 531, 533, 696, 701, 
716, 746; A. ruscifoliumy 531, 533*, 

538, 694 

Archaeolithothamniony 511, 653, 655, 

741 

Arctic, algal flora, 5, 8, 10; Phaeo- 
phyceae of, 19, 253, 324, 326; 
Rhodophyceae of, 440, 496, 502 
Areschougiay 741 
Arragonite, 25, 400 
Arthrocladia, 28, 180, 182 et seq.*; 

A, villosay 9, 180, 1 81*, 183*, 188* 
Artkrospiray 832, 861 
ArthrothamnuSy 200, 217, 250, 251, 
*53» ^54; bifidusy zoo, 249* 
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Ascocyclus, 27, 60, 118, 120, 138, 139; 
A. orbicularis f 59*, 138; A. secun- 
duSy 26* 

Ascocysts, 59*, 60 
Ascomycetes and Florideae, 416 
Ascophylluniy 22, 24, 34, 129, 323, 
327, 330, 349, 351, 353, 359, 360, 
363, 366, 368, 370, 377, 379, 381, 
382, 548; A. constrictum (syn.), 
329; A. nodosurriy 8, 24, 33, 35, 
327, 328*, 331* 352*, 357*, 360, 
371*, 378*, 382, 547*; A. nodosum 
var. Mackaiiy 385, 386*; A. nodo- 
sum var. scorpioideSy 385, 387 
AscoseirUy 346, 380, 382 
Ascoseiraceae, 382 
Asexual reproduction, see akinetes; 
mono- and tetrasporangia, poly- 
sporangia; uni- and plurilocular 
sporangia 

Asparagopsisy 13, 404, 480-2*, 549, 
587, 616-19*, 622, 623, 738; A. 
armata, 403*, 480, 587, 589*, 590, 
617, 618*, 627; A. Delilei (syn.), 
480; A. hamifera, 480, 481*, 588, 
589*, 618*; A. taxiformisy 480, 
482 

Asperococcaceae, 103-8*, 130, 140 
AsperococcuSy 21, 28, 107, 108*, 132, 
140; A. bullosuSy 26*, 50, 107, 108*, 
120, 130, 13 1 ; A, compressusj 28, 
137; A. echinatus (syn.), 107; 

A. fistulosusy 107, 130, 131; A, 
scabery 107, 108*; A. Turneri (syn.), 
107 

Assimilators, 67, 68, 85, 90, 104, 115 
Assimilatory hairs, 50, 67, 68, 85, 

157, 159, 173, 176 

Asterocytisy 427, 429, 431, 438; A. 
halophilUy 429; A. ornatay 407, 
428*, 429; A. ramosa (syn.), 429; 
A. smaragdinUy 403*, 428*; A. 
Wolleana, 429 

Atlantic, algal flora, 8, 1 1 ; Florideae 
of, 523, 525, 531, 549, 556, 566, 
569, 574, 740, 746; Phaeophyceae 
of, 148, 172, 180, 263, 302, 323 
AtractophorUy 457-9, 616, 622, 738; 

A. hypnoideSy 457, 458*, 617* 
Attachment systems, of Ceramiales, 
518, S20, 523, 527, 538, 546, 558; 
of Cryptonemiales, 476, 478; of 
Desmarestiales, 182, 185; of Dic- 
tyotales, 3^7; of Fucales, 322, 335, 
343, 359; of Gigartinales, 484, 
487, 494, 497, 499, 5oo*; of 
Laminariales, 193 et seq.*, 201, 
204, 209, 243-4; of Nemalionales, 
455, 457, 466; of Porphyruy 426; 
of Rhodymeniales, 515, 517; of 
Sphacelariales, 260, 279^3* 
Audouinella, 450 
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AulosirUy 837, 861 ; A. fertilissimay 
854; A. laxa, 834*; A. thermalis 
(syn.), 854 

Australasia, algal flora, 10, 12; 

Florideae of, 486, 501, 517, 539, 
S49, 560, s6i, 566, 572, 574, 738, 
741, 742, 744, 746; Phaeophyceae 
of, 85, 172, 254, 263, 302, 323, 
343 

Auxiliary cells, 413, 599-602, 622, 
635, 656, 663, 666, 669, 676, 683, 
703; sterile-, 635, 639 
Auxiliary mother-cells, 674 
Auxocaulous Sphacelariales, 265, 266, 
268, 270 

Axillariuy 329, 330, 334, 381; A . 

constrictUy 328*, 329 
Azolla and Nostocaceae, 769, 872-4 
Azotobacter, 874 

Bacillariophyceae, 42; see also Di- 
atoms 

Bacteria, 774, 780, 864, 869; and 
Florideae, 583-4; and Myxo- 
phyceae, 831, 860, 869, 870, 871, 
874, 878; and Phaeophyceae, 24 
BactrophorUy 80, 140 
Badderlocks (Alaria esculenta)y 213 
BalanuSy 878 
Balbiania (syn.), 450 
Balliay 523, 684, 685, 744; B. Bru- 
nonis (syn.), 744; B. callitrichay 
10, 744, 745*; scopariuy 744 
Baltic, seaweed vegetation of, 6, ii, 
388, 529, 591, 725 

Bamboo Seaweed {Ecklonia buc- 
cinalis)y 218 

BangiUy 397, 407, 424-6*, *431, 433, 
434, 437, 438; B. atropurpureuy 
425*, 426; B, ceramicola (syn.), 
424; B. elegans (syn.), 427; B, 
fuscopurpureuy i, 2, 8, 425*, 426, 
432*, 436*; B. pumiluy 432*, 436* 
Bangiaceae, 423-7*, 438 
Bangiales, 9, 23, 96, 397, 402, 412, 

413, 415, 416, 423-44 

Bangieae, 424, 433 et seq. 
Bangioideae, 397, 398, 415, 423-44 
Batrachospermaceae, 737 
Batrachospermum, 398, 401, 402, 407, 
413, 444, 446, 454-7*, 467, 592, 
594, 597, 608-10*, 612, 622, 623, 
624, 627, 737; B. Breuteliiy ^S7> 
626*, 628; B. densumy 455-^*; 
B. Dilleniiy 455; B. ectocarpumy 
456*, 610; B. lochmodesy 623, 624*; 
B. moniliformey 454*, 504, 598*, 
609*, 610, 628; B. orthostichumy 
610; B. sporulanSy 623; B. vagumy 
407, 454*, 455, 610, 623 
Battersiay 262, aSx, 287, 300; B. 
mirabilisy 282* 
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Beggiatoa, 788, 860; B. mirabilis, 803 
Bdlotia^ 17 1, 173, 177; B. erio- 
phoruniy 172*, 173 
Benzaiteniay 580 

Bertholditty 657, 741 ; B. neapolitanUy 

657 

Bifurcaritty 332-4*» 353» 358, 363, 
366, 382; B. hrassicifotmisy 373*, 
374; B. laevigata (syn.), 334; B. 
sisymbrioidesy 332; B. tuber culatay 
36*, 332, 333^ 352*, 369 
Bifur cariopsisy 334, 353, 365, 369, 
37o> 374, 382 

Bilateral Rhodomelaceae, 558-63 
Binder ay 515, 678, 744; B. splach- 
noidesy 515, 516* 

Biotic factors, 6 

Bispores, 603, 625, 655, 714, 728, 

731 

Blasia and Nostocaceae, 872-4 
Blepharoplasts, 118, 119, 165, 376 
Blossevillea (syn.), 339, 382 
Blue-green Algae, see Myxophyceae 
Bodanellay 19, 58, 139 
Bonnemaisoniay 413, 480-2*, 587, 
616-20*, 623, 738 ; B. asparagoidesy 
480-2*, 586 et seq., 595*, 607, 617, 
618*, 627; B. calif ornica, 588; 
B, hamifera (syn.), 480 
Bonnemaisoniaceae, 738; reproduc- 
tion, 616-20*, 622-3, 627; vegeta- 
tive structure, 480-2*, 586 
Boreal-arctic seaweeds, 8 
Bornetiay 412, 522, 590, 687, 694, 
744; B. secundiflora, 399, 403*, 
448* 522 

Bostrychia, 398, 41 1, 531, SSi- 3 , 558, 
706, 707, 717, 746; B. callipterUy 
552: B. Hookeriy 551*, 552, 718*; 
B. Moritziana, 551*, 552; B, 
radicanSy 551*, 552; B. rivulariSy 
552; B. scorpioidesy 551*, 552, 
706*; B. tenellay 551*, 552; B. 
tenuisy 552; B. tuomeyi (syn.), 549; 
B. vaga, 547«, 552 
Bostrychieae, 551-2*, 746 
Botryocladiay 517, 677-8; B. micro- 
physay 516*; B. pseudodichotomay 
516*, 676*; B. uvariay 512* 
Brachytrichiay 846-7*, 861; B, Ba- 
laniy 846, 847* 

Brachytrichieae, 846-7*, 86 1 
Brackish water, seaweeds of, 6, ii, 
388, 398, 429, 529, 551, 591, 725 
Bracts and bracteoles of Sphace- 
lariales, 287, 289 

Branching, of Dasyaceae, 572, 574; 
of Delesseriaceae, 531, 533; of 
Dictyotales, 304, 310; of Fucales, 
339, 341, 344, 351 et seq., 365; of 
Myxophyceae, 838, 842, 846, 848, 
856; of Rhodomelaceae, 542*, 543, 


545-6*, 550, 566; of Sphacelariales, 
262, 271-9* 

Bromine, 587, 588 

BrongniartellUy 543 et seq., 548 et 
seq., 606, 707, 708, 722, 746; B. 
byssoidesy 542*, 548, 683, 704*, 705 
Brown Algae, see Phaeophyceae 
Bryophyta, 736 

BryothamnioHy 549, 709, 746 ; B. 

triquetrumy 547* 

Buffhamiay 107 

Bulb-cells of Rhodymeniales, 514, 

515 

Bull-kelp (Nereocystis)y 207 

Caecostomata (of Fucales), 368 
Caepidiumy 52, 86, 140; C. antarc- 
ticuMy 86 * 

Calcareous concretions and Myxo- 
phyceae, 867*, 868-9 
Calcification, in Myxophyceae, 832, 
840, 854, 869; in Phaeophyceae, 
25, 55, 305; in Rhodophyceae, 
400-1, 426, 471, 474, 504, 644 
Calcite, 400, 869 

Calcium carbonate, deposition by 
Myxophyceae, 868-9 
Calcium oxalate, 41 1 
CalliblephariSy 490, 663, 664-5*, 666, 
669, 741; C. ciliatay 412, 489*, 
490, 590; C. jubata (syn.), 490; 
C. lanceolatay 490, 491*, 588, 589*, 
665* 

(^allithamniony 399, 401, 404, 408, 
453, 518-19*, 523, 584, 58s, 602. 
604, 685, 689-90*, 691, 692, 714, 
720, 722, 729, 744; C. baccatum 
(syn.), 520; C. Baileyiy 519*; C. 
bisporumy 714; C. brachiatumy 724; 
C. Brodiaeiy 518; C. byssoideSy 518, 
714; C. corymbosuMy 9, 401, 449, 
518, 595*, 600*, 603*, 689, 690*, 
§93*, 713*, 723; C. cruciatum 
(syn.), 522; C. floccosum (syn.), 
522; C. Furcellarieaey 518, 689, 
690*, 714, 725, 730*; C. Hookeriy 
518, 519*, 730*; C. membrana- 
ceum (syn.), 453; C. pedicellatum 
(syn.), 728; C. pluma (syn.), 520; 
C. plumula (syn.), 522; C. roseum, 
518; C. scopulorumy 518; C. seiro- 
spermum (syn.), 519; C. serpens 
(syn.), 627; C. tetricunty 518, 519; 
C. thuyoideSy 403* ; C. tripinnatumy 
518; C. Turneri (syn.), 520 
CallocolaXy 578, 740; C. neglectuSy 578, 
634 

CallophylliSy 501, 634, 740; C. 

edentatay 501*; C. erosa (syn.), 
742; C. laciniatay 578, 634, .635; 
C. obtusifoliay 634 
Callose, 24 
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Callus, 24, 232, 234, 360 
Callymenia, 501, 634, 660, 740; C. 
calif ornica (syn.), 496; C. cribrosa^ 
501; C. Dubyi (syn.), 496; C. 
reniformiSy 501*, 633*, 634; C. 
septentrionalis (syn.), 496 
Callymeniaceae, 501-2*, 634-5, 650, 
740 

Caloglossay 531, 540, 696, 701, 716, 
746; C. Leprieurii, 531, 532*, 701 ; 
C. ogaswaerensis, 530* 

Calorhodin, 781 

Calosiphoniay 412, 457, 459, 657, 674, 
741; C. finisterrae (syn.), 657; 
C. neapolitana (syn.), 657; C. 
vermicularisy 657, 658* 
Calosiphoniaceae, 741 
CalothriXy 798, 799, 803, 837 et seq.*, 
846, 861; C. Crustacea, 840, 862; 
C. epiphytica, 774*, 800; C. parie- 
tina, 794*, 839*, 865 ; C. pulvinata, 
786; C. scopulorum, 2, 796, 840, 
862, 866; C. vivipara, 846 
Calyptra of Oscillatoriaceae, 831 
Capitate trichomes, 831 
Capsicarpella speciosa (syn.), 153 
Capsosira, 849-50*, 856, 861; C. 

Brebissonii, 849, 850* 
Capsosiraceae, 848, 861 
Carotenes, 29, 376, 405, 437, 781 
Carpohlepharis, 744-5 
Carpoglossum, 323, 334» 3^9, 382; 
C. angustifolium (syn.), 334; C. 
confluens, 334, 335*; C. constrictum 
(syn.), 329, 334; C. quercifolium 
(syn.), 334 

Carpogonia, 413; of Bangiales, 432*, 
433-4; of Florideae, 592-3*, 596 
Carpogonial branch, 592-3, 612, 

657 

Carpomitra, 27, 172, 173 et seq.*; 
C. Cabrerae (syn.), 17 1 ; C. costata, 
26*, 171 et seq.*, 178*, 281 
Carpophyllum, 3, 10, 343, 353, 362, 
369, 372, 374, 382; C. flexuosum, 
340* 

Carposporangia and carpospores, 6, 
413, 434, 599, 602, 607 
Carposporophyte, 601 
Carrageen, 400, 497 
Caryosome-nuclei, 413 
Castagnea, 21, 50, 76, 77, 79-82*, 
89, 119, 140; C. contorta, 39*, 80, 
83*; C. crassa, 82, 83*; C.fistulosa, 
80, 82, 83*; C. virescens, 8, 77*, 
79, 82, 83*, 130, 13 1 ; C. Zosterae, 
80 et seq.*, 136, 138 
Catenella, 398, 486, 489, 502, 531, 
660, 662-3, 741; Nipae, 486; 
C. Opuntia, 7, 463, 486, 487*, 660 
et seq.*; C. repens (syn.), 486 
Caulerpa, 12; C. prolifer a, ii 
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Caves, algal vegetation of, 4, 71, 407, 
453 

Cavicularia and Nostocaceae, 872-4 
Cell-division, in Myxophyceae, 780, 
700, 812-13; -sheath of Myxo- 
phyceae, 787-90*, 793, 797, 798, 
807, 808 

Cell-wall, of Myxophyceae, 77 1 , 787— 
90*; of Phaeophyceae, 24, 25, 
262; of Rhodophyceae, 399-401 
Cellulose, 24, 234, 399, 400, 423, 
604, 788, 796, 799, 827 
Central body of Myxophyceae, 770, 
775; see also Centroplasm 
Central cells of Florideae, 446 
Centroplasm of Myxophyceae, 770, 
775-80*, 790 

Centrosomes, of Phaeophyceae, 35, 
36*, 37, 261*, 265, 31 1, 323, 370, 
376, 378; of Rhodophyceae, 413, 
437, 605*, 606 
Cephalodia, 875 

Ceramiaceae, 413, 590, 719, 720, 744; 
antheridia, 691-4*; sexual repro- 
duction, 683-91*; tetrasporangia, 
etc., 712-14*, 723-4, 728-31*; 
vegetative structure, 390, 404, 444, 
449, .517-29* 

Ceramiales, 9, 416, 584, 606, 650, 
722 ; classification, 744, 746-7 ; 
germlings, 607 ; interrelations, 71 9- 
20; reproduction, 447, 592, 601 
et seq., 683-719, 725, 727; vegeta- 
tive structure, 397, 404, 412, 445, 
447, 449, 517-78, 586, 608 
Ceramtum, 399, 403*, 404, 412, 447, 
525-7*, 544, 588, 590, 606, 685, 
691, 694, 714, 722, 729, 744; C. 
acanthonotum, 527; C. ciliatum, 
401, 402, 527; C. corticatulum, 
727 ; C. Deslongchampii, 526*, 728, 
730*; C. diaphanum, 526*, 527, 
693*; C. echionotum, 448*, 527; 
C. fastigiatum, 526*; C. hypnae- 
oides, 588; C. nodosum (syn.), 527; 
C. radiculosum, 527; C. rubrum, 
129, 400, 406, 41 1, 437, 447, 527, 
595*, 685, 693*, 727; C. strictum, 
527, 728; C. tenuissimum, 527, 
727; C. transversale, 527 
Ceramothamnion, 527, 744 
Ceratocolax, 578, 744 ; C. Hartzii, 
578. 579* 

Ceratodictyon, 583, 742; C. spongt^ 
oides, 581*, 583 

Chaetangiaceae, 740; reproduction, 
620—2*; vegetative structure, 471- 

2* 

Chaetangium, 472, 620, 622, 623, 
740; C. saccatum, 472, 618*, 620 
Chaetolithon deformans (syn.), 583 
Chaetophorales, 20, 50, 424 
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Chaetopterist 262, 263, 265 et seq.*, 
300; C. plumosa, 8, 263, 269*, 271, 
286*, 292 

Chalk, algal vegetation of, 2, 866 
Chamaephytes, 5 

Chamaesiphon^ 813, 819, 822, 858, 
861, 869 j C. confervicoltiSf 813; 
C. curvatuSy 810*; C. ferrugineusy 
867*; C. fuscuSy 822, 823*; C. 
maceTy 813; C. polymorphuSy 822, 
823*; C. pseudO‘polymorphuSy 822 
Chamaesiphonaceae, 861 
Chamaesiphonales, 768, 769, 784, 
791, 819-22*, 829, 858, 861, 863 
Chamaesiphonopsisy 822, 861 ; C. 

regularisy 823* 

Champia, 51 1, 514, 584, j^8, 680-1*, 

682, 744; C. lumhricalisy 514, 678; 
C. parvuluy 512 et seq.*, 680*, 
681* 728 

Champiaceae, 511-15, 676, 678-82, 

683, 729, 744 

Chantransia (syn.), 450, 456; C. 
Boweri (syn.), 625; C. chalybaeay 
456, 504; C. pygmaeuy 456, 504 
Chantransia-stsiges of Nemalionales, 
45M*, 624, 627 
Chetiosporuniy 476, 741 
Chemotaxis, 803 

Chilionemay 63, 140; C. NathaliaCy 
62* 

Chlorobacteriaceae, 860 
Chlorochromatiumy 861, 878; C. ag~ 
gregatuniy 878 
Chlorococcunty 874 

ChlorogloeGy 812, 818-19*, 861; C. 

microcystoideSy 818* 

Chloronium mirabile (syn.), 878 
Chlorophyceae, 4, 6, 12, 29, 30, 398, 
402, 407 et seq., 737, 864, 878 
Chlorophyll, 29, 405, 781, 782 
Chlorophyllase, 29 
Chlorophyta, 398 

ChnoosporGy 19, 52, iii, 112*, 140; 
C.fastigiatay 112*; C. obtusangulay 
1 12* 

Chondriay 544, 554-6*, 580, 591, 
606, 705, 707, 709, 717, 722, 746; 
C. caerulescensy 555*, 584, 585*; 
C. crassicaulisy 556; C. dasyphyllay 
II, 554 et seq.*, 707* 710*; 

C. opuntioides (syn.), 556 ; C. tenuis^- 
simay 554 et seq.*, 707* 
Chondrieae, 554-6*, 746 
Chondriosomes, see Mitochondria 
Chondrusy 400, 404, 409, 410, J44, 
497-500*, 591, 602, 66^2*, 074, 
744; C. crispusy I, 9, 75*, 400, 403*, 
407, 412, 497 et seq.*, 584, 594, 
595* 671*, 672, 675* 

Chordoy 22, 58, 193, 219, 221-3*, 
246 et seq., 251 et seq.; C. filum, 


lo, 33, 34, loi, 193, 221, 222*, 
245*, 246*; C. Lomentaria (syn.) y 
103; C. tomentosoy 193 
Chordaceae, 253; reproduction, 244 
et seq.; vegetative structure, 193, 
221-3* 

Chordariay 22, 76, 82-5*, 89, 140; 
C. abietina (syn.), 86; C. capensis 
(syn.), 95; C. Chordariay 84*, 85; 
C. divaricata (syn.), 85 ; C. flagelli- 
formisy 33, 52, 82, 84*, 136 
Chordariaceae, 76 
Chordariales, 138, 139 
Chordariopsisy 94-5, 140; C. capensis y 
91* 

Choreocolaceae, 580-2, 650-1*, 741 
ChoreocolaXy 580-2*, 650-1*, 741 ; 
C. albus (syn.), 581 ; C. Cystocloniiy 
583; C. mirabilis (syn.), 581; C. 
pachyderma (syn.), 582; C. Poly- 
siphoniacy 581*, 651* 

Choreonemay 582-3, 646 et seq.*, 655, 
741 ; C. Thureti, 473*, 582, 649* 
Choristocarpaceae, 299, 300 
ChoristocarpuSy 156, 297-9*, 300; C. 
tenellusy 297, 298* 

Chromatic adaptation, in Myxo- 
phyceae, 783-6 ; in Rhodophyceae, 
408, 409 

Chromatin of Myxophyceae, 777-9*, 
780 

Chromatiuniy 860 

Chromatophores, of Phaeophyceae, 
25 et seq.*, 262; of Rhodophyceae, 
402 - 5 *. 410, 423, 452, 453, 469, 
499. 607 

Chromatoplasm of Myxophyceae, 
770, 780-1, 790, 798 
Chromoproteins, 406 
Chromosome-numbers, in Florideae, 
607; in Phaeophyceae, 37 
Chroococcaceae, 814-17*, 820, 861 
Chroococcales, 768, 769, 770, 778, 
780, 784, 787, 788, 790 et seq., 
795 » 796, 800, 804, 81 1, 8 1 2, 
814-19*, 820, 829, 856, 858, 861 
et seq., 865, 866, 870, 875 
Chroococcidiopsis, 820, 861; C. ther- 
malisy 810* 

Chroococcidium (syn.), 819, 820, 861 
Chroococcopsisy 826*, 861 ; C.giganteay 
826* 

ChroococcuSy 804, 8x4, 816, 819, 820, 
858, 861, 862; C. gelatinosusy 8io*; 
C. limneticuSy 804; C. macrococcus 
(syn.), 778; C. turgidusy 770, 778, 
794*, 815* 

Chroodactylon Wolleanum (syn.), 429 
Chroostipes linearisy 877* 

Chrootheccy 427, 429, 430, 438; C. 
mobilisy 428*, 429; C.Richterianumy 

429 
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Chrysimenia, 515, 517, 677-8, 683, 
744; C. Agardhiiy 517; C. clavel- 
losa (syn.)> 515; C. microphysay 
516*, 517; C. pseudodichotomay 
516*, 517, 676*; C.pyn/ormw, 517; 
C. uvaria, 512*, 517; C. ventricosuy 
512*, 517, 603* 
Chrysomonadineae, 32 
Chrysophyceae, 2 
Chrysophyta, 398 

Chylocladia, 511-14*, 515, 584, 678- 
9*, 681, 682, 722, 729, 744; C. 
articulata (syn.), 514; C. clavata 
(syn.), 514; C. clavellosa (syn.)» 
515; C. kaliformisy 51 1 et seq.*, 
584, 679*, 681*; C. mediterranea 
(syn.), 514; C. ovalis (syn.), 514, 
678; C. parvula (syn.), 514; C. 
reflexa, 585* 

Chytridineae, 24, 584 
Cladochrotty 112, 140 
Cladophortty 408 
Cladophoraceae, 737 
Cladosiphotiy 79, 80; C. balticus (syn.), 
1 14; C. decipiens (syn.), 90; C. 
mediterraneuSy 80 
Cladostephaceae, 300 
CladostephuSy 5, 27, 262 et seq.*, 
300; C. spongiosus, 263, 290 et 
seq.*; C. verticillatuSy 261*, 263, 
266, 269*, 270, 275-7*, 278 et 
seq.*, 282, 283, 289, 290*, 293, 

294 - 7 * 

Cladothele (syn.), loi 
CladothriXy 860 

Classification, of Bangiales, 423, 438; 
of Ectocarpales, 139, 140; of 

Florideae, 737-47; of Fucales, 
381—2; of Laminariales, 253; of 
Myxophyceae, 769-70, 861-2; of 
Phaeophyceae, 40-2 ; of Rhodo- 
phyceae, 41 5-16 ; of Sphacelariales, 
300 

Clastidiuniy 820, 861; C. rivularCy 
820; C. setigeruniy 823* 
Clathrocystis aeruginosa (syn.), 814 
Claudeay 539, 699, 716, 746; C. 
eleganSy 539; C. multifiday 539, 

540* 

Cliftonaeay 567-8*, 706, 709, 717, 
719, 747; C. Lamourouxiiy 567*, 
568, 718*, 719; C. pectinatay 567*, 
568 

Climatic zones and geographical dis- 
tribution of seaweeds, 7-9 
Clonothrix fuscUy 844 
Cloud and distribution of seaweeds, 8 
Clump formation, 120, 12 1* 
Coccophoray 13, 323, 343-4» 369, 372, 
373> 382; C. imperata (syn.), 343; 
C. Langsdorfiiy 342*; C. phyllam- 
phora (syn.), 343 * 


Codiolunty 95, 96* 

Codiunty 5, 11,21, 563 ; C. Bur say 76 
Coelarthruniy 515, 517, 744; C. Al- 
bertisiiy 512* 

Coelocloniuniy 556, 746 
Coelomorony 814, 861 
Coelosiray 729, 744 
Coelosphaeriuniy 772, 793, 804, 816- 
17*, 861; C. dubiunty 817*; C. 
Naegelianunty 817* 

CoilodesmBy 52, 115*, 117, 140; C. 
bulligeray 115*, 117; C. calif ornicay 
115*, 117 

Colacodasyay 580, 747 ; C. incon- 
spicuay 580 

Colacolepis aggregatus (syn.), 735; 
C. incrustans (syn.), 674; C. peltae- 
formis (syn.), 732 
Colaconemay 424, 431, 440, 453 
Colaconema Schmitz (syn.), 424, 582 
Colacopsisy 424, 582, 717, 746; C. 

pulvinatunty 745* 

Cold-boreal seaweeds, 8 
ColeochaetCy 416, 599 
Coleodesmium (syn.), 844 
Collemay 875 

Colonial Myxophyceae, 814-17, 822, 

835 

Colonisation, 6, 384, 865, 870 
Colour-variations, of Myxophyceae, 
783 et seq. ; of seaweeds, 29, 407 
Colourless Myxophyceae, 871 ; Rho- 
dophyceae, 580 et seq. 

Colpomeniay 13, 27, 52, 109-11*, 137, 
140; C. sinuosuy 7, 109, ,110*, 124 
Compensation point in seaweeds, 4, 
7, 408 

Competition, 6 

Compound procarp (of Gelidiales), 
628 

Compsonemay 63, 140 
Compsopogony 58, 438-40*; C. aeru- 
ginosuSy 439*; C. caeruleusy 439*; 
C. leptocladosy 438 

Compsothamniony 520, 687, 689-91*, 
712, 729, 744; C. thuyoidesy 690*, 
693* 

Concave cells of Myxophyceae, 805*, 
806, 829 

Conceptacles, of Corallinaceae, 476, 
644-6*, 648-50*; of Fucales, 322, 
324, 362-8* 

Conchocelis roseay 439*, 440 
Conditions of life of seaweeds, i et 
seq. 

Conducting elements, 22, 186, 234, 
3S9, 484, 499. 525 „ , . . 

Congenital fusion, m Cutleriales, 
i6i; in Rhodomelaceae, 559-63, 
720 

Connecting filaments of Florideae, 
413, 600*, 601, 630, 657, 683 
58-2 
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Constantineay 50Z, 652, 740; C. reni- 
formis (syn.), 502; C. Rosa marinay 
501* 

Coral-reefs and Melobesieae, 510-11 
Corallinay 2, 413, 472-6*, 508, 509, 
582, 583, 606, 644 et seq.*, 655, 
741 ; C. mediterraneay 472, 474, 
476, 644 et seq.*, 654*, 722; C. 
officinalisy 472 et seq.*, 645*; C. 
pumila, 473 ; C. rubenSy 473 et seq.*, 
644, 645*, 722; C. squamata, 401, 
41 1, 474, 582; C.virgata, 645* 
Corallinaceae, 399, 400, 41 1, 504, 
731, 741, ^66; sexual reproduc- 
tion, 592, 596, 597, 644-50*; tetra- 
sporangia, 603, 653-5*; vegetative 
structure, 404, 444 et seq., 449, 
472-6*, 506-10*, 608 
Corallopsis Opuntia, 407 
Cordylecladiay 669, 674 
Coriophylluniy 505, 741 
Cortex, of Ectocarpales, 67, 72, 76, 
83; of Fucales, 356; of Lamina- 
riales, 226, 227, 236 
Cortication, in Phaeophyceae, 22, 54, 
90, 183-4*, 189, 268-70*; in 

Rhodophyceae, 438, 455, 482, 518, 
525. 546. 552. 554 . 56 «*. 574 
CorycuSy lOi, 140 

Corynophlaeay 73, 76, 140; C. urn- 
bellatay 75* 

Corynophlaeaceae, 71 
Corynospora (syn.), 729 
Costariay 197, 221, 225, 235 et seq., 
248, 250, 253, 254; C. costatay 
198*, 203*, 224*, 226, 245*; C. 
reticulata (syn.), 197 
Cottoniellay 722, 746 
Cover-cells (of Corallinaceae), 474, 

476, 507, 509, 583 

CraspedocarpuSy 742; C. erosus, 743* 
Crenothrixy 860 

Crinaliuniy 832, 861 ; C. endophyticuniy 

833* 

Croatella (syn.), 844 
Cross-connections, of Fucales, 358, 
360; of Laminariales, 227, 230*, 

234, 236 

Crouaniay 457, 459, 522, 523, 685, 
691, 712, 714, 719, 720, 744; C. 
attenuatay 404, 457, 714, 731; 
C, Schousboei (syn.), 457, 632 
Cruciate tetraspores, 603*, 604, 625, 
627, 652, 673-4, 682, 714 
Cruoriay 502, 504, 641-2*, 652, 741 ; 
C. pellita (Lyngb.) Fries, 503*, 
504, 641*, 654*; C. pellita Harv. 
(syn.), 504 

Cruoriaceae, 502, 504, 641-2*, 652, 

741 

Cruoriella (syn.), 503 ; C. Dubyi (syn.), 

503 


CruoriopsiSy 644, 741 
Cryptarachncy 517 

Cryptoblasts (of Fucales), 324, 366- 

8*, 383 . 

Cryptonemiay 478, 635, 740; C. 

borealis y 635, 740; C. Lomatioriy 
740, 743* 

Cryptonemiales, 416, 722; classifica- 
tion, 740-1; reproduction, 601, 
603, 630-56, 725 ; vegetative struc- 
ture, 404, 412, 445, 449, 459-61, 
472-6, 478, 482-4, 490, 502-11, 
608 

Cryptophyceae, 20 
Cryptopleuruy 401, 445, 536, 580, 
700-1, 716, 746; C. laceratOy 536, 
538*, 700* 

Cryptosiphoniay 482, 639, 652, 740; 

C. Woodiiy 483*, 638, 641* 
CryptozooHy 859 

Crystalloids, 41 1, 527, 583, 778, 787 
Crystals, 787 

Ctenosiphoniay 566, 746 ; C. hypnoideSy 
565*, 566 

Cumagloeay 469, 610, 622, 740 
CurdieOy 742 

Cuticle of seaweeds, 226, 313, 358, 
399, 426, 512 
Cutin, 796 

Cutleriay 157 et seq.*; C. adspersOy 
157 et seq.*, 165 et seq.*, 170; 
C. monoicay 157, 159, 161, 167 et 
seq.*; C. inultifiday 9, 157 et seq.*, 
164 et seq.* 

Cutleriales, 37, 41, 138, 139, 155, 
157-71, 260, 319; reproduction, 
38, 161 et seq.*; vegetative struc- 
ture, 21, 23, 36, 159-61*, 163 
CyanellaCy 876-7* 

Cyanidiurriy 864 

Cyanochloridaceae, 860-1, 863, 878 
Cyanocystis (syn.), 819 
Cyanodermay 878 
Cyanodermatiuniy 822 
Cyanodictyofiy 878 
CyanophorGy 876 

Cyanophyceae, 768; see also Myxo- 
phyceae 

Cyanophycin granules, 770-1, 775, 
787, 798. 807, 87s, 876 
Cyanoplasts, 781 

Cyanoptychey 876 ; C. Gloeocystisy 

877* 

Cyanostyloriy 819, 861 ; C. cylindro- 
cellularCy 818* 

Cycads and Anabaenay 769, 872-4 
Cyclosporeae, 41 

CylindrocarpuSy 76, 140; C. Berkleyiy 
76; C. microscopicuSy 76, 116* 
Cylindrospermuniy 797, 799, 800, 807, 
808, 836, 837, 861, 872; C. alato- 
sporuTHy 808, 809*; C. catenatuniy 
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836; C. licheniformey 809*; C. 
muscicoltty 797*, 809* 

Cymathere, 197, 235, 238, 244, 253; 

C. triplicatOy 197, 198* 
Cymathereae, 253, 254 
Cystocarps, 616, 622, 666, 677, 678, 
686, 696, 703 

Cystocloniuniy 399, 404, 484-6*, 489, 
5OZ. 558, 588, 592, 663, 722, 728, 
742 ; C. armaturriy 484 ; C. purpur- 
ascens (syn.), 484; C. purpureuniy 8, 
403*, 484. 485*, 487*, 583, 588, 
589*. 603*, 663, 664* 

Cystophoruy 323, 334, 339, 382 
Cystophylluniy 323, 339, 374, 381, 
382; C. sisyrnbrioidesy 368, 373 
Cystoseiray 5, ii, 24, 28, 60, 73, 323, 
332, 334-8*, 347, 353 , 359, 360,362, 
366, 368, 369, 370, 372, 373, 374, 
376, 377, 379,381, 382, 388, 504'yC. 
Abies-marinay 335 ; C. abrotanifoliay 
335, 337 et seq.*, 368, 373 ; C. amen- 
taceay 335; C. barbatay 336*, 337, 
364* ; C. canariensisy 334 ; C. crinitay 
335 ; C. ericoidesy 57*, 337, 357*; C. 
fibrosay 335; C, foeniculaceay 338, 
368, 371*, 373; C.granulatUy 74*, 
335 , 337; C*. mediterraneay 337; 

C. Montagneiy 335, 337, 369; C. 
MyricUy 368; C. opuntioideSy 336*, 
369; C. osmundaceay 334, 337; C. 
platycladuy 337; C. spinosay 337 

Cystoseiraceae, 332-9, 382; repro- 
duction, 363, 365 ; vegetative struc- 
ture, 332-9*, 353, 356, 358 
Cystosphaeray 329, 381 ; C. Jacquinotiiy 

329 

Cytoplasmic connections, see Plas- 
modesmae 

DactylococcopsiSy 787, 816, 861, 878; 

D. linearis, 815*, 816; D. mucicoluy 
878; D. rhaphidioideSy 815*, 816 

Dalmatellay 827, 861, 866; D, Buae^ 
nensisy 828* 

Dasyay 572-4*, 709, 711-12*, 719, 
722, 747; D. arbusculay 573*, 574, 
709; D. Berkleyi (syn.), 712; D. 
Bulbochaete (syn.), 549; D. coc- 
cinea (syn.), 574; D. Delilei (syn.), 
480; £). elegans (syn.), 574; D. 
lophoclados (syn.), 550; Z). ocellata, 
725, 727; D, pedicellata, 573*, 574, 
709, 711 et seq.*, 727 
Dasyaceae, 517, 720, 747; reproduc- 
tion, 703, 709, 711-12*, 719; 
vegetative structure, 572-8* 
Dasycladus, 12, 21 

Dasyopsis, 572, 574, 709, 711-12, 
719, 747; D. plana, 575*; £>. 
plumosa, 574, 575*, 71 1 
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Delamarea, 114, 140; D, attenuata, 
114 

Delesseria, 408, 41 1, 529, 532-4*, 
604, 694-6*, 701, 714, 722, 746; 
D. alata (syn.), 531; D. frondosa 
(syn.), 529; D, Hypoglossum (syn.), 
529; D. Leprieurii (syn.), 531; D. 
ruscifqlia (syn.), 531 ; D. sanguinea, 
408, 412, 413* 532 et seq.*, 538, 
603*, 605*, 606, 694, 695*, 701, 
702*, 714, 715*; D. sinuosa (syn.), 
534 

Delesseriaceae, 10, 517, 576, 584, 
720, 721, 746; germlings, 536, 
538; reproduction, 694-701*, 703, 
714-16* ; vegetative structure, 397, 
404, 444 et seq., 449, 529-43*, 
590, 720 

Delesserieae, 529-34, 539, 694-9, 

714, 746 

Delophycean stage, 132 
Dendrymenia, 517, 744 
Dermocarpa, 780, 811-12, 813, 819- 
20, 822, 858, 861, 862; D. in- 
crassata, 810*, 812, 820; D. Leib- 
leiniae, 812; D.prasina, 810*, 812; 
D. protea, 813, 820, 825*; D. 
sphaerica, 812, 820, 825*; D. 

suffulta, 8 10*, 812 
Dermocarpaceae, 822, 861 
Dermonema, 478, 610, 614, 622, 740; 

D. gracile, 478, 61 1* 

Desiccation, see Drought-resistance 
Desrnarestia, 10, 21, 22, 25, 34, 179, 
180 et seq.*, 408; D. aculeata, 180 
et seq.*, 190*; D. anceps, 180, 182; 
D, compressa, i8o, 182; D. her- 
bacea, 182; D. ligulata, 31, 180 
et seq.*; D, tabacoides, 180; D. 
viridisy 25, 33, 180, 182, 187 
Desmarestiales, 41, 49, 93, 138, 139, 
179, 180-91 ; reproduction, 38, 40, 
187-9*; vegetative structure, 21, 
23, 182-7* 

Desmonemay 844. 861; D. Wrangelii, 
796, 845* 

Desmosiphon, 806 

Desmotrichunty loo-i, 140; Z). balti- 
cunty 100, loi ; Z). undulatum, 99 et 
seq.*, 136 
Dextrose, 33, 41 1 
Diaphototaxis, 803 
Diastase of Florideae, 41 1 
Diatoms, 42, 864, 874 
Dichosporangium repens (syn.), 107 
Dichothrix, 838-40*, 861, 875; D. 

gypsophilay 840; D. orsiniana, 839* 
Dichotomous branching, in Flori- 
deae, 471, 478, 496, 497, 525; in 
Myxophyceae, 824, 848 ; in Phaeo- 
phyceae, 23, 277, 304, 310, 324, 

327, 351 
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Dictyerpa, 305 
Dictymeniay 561, 746; D. Sonderiy 
745* 

Dictyonemay 875 
DictyoneuropsiSf 197, 2104, 253 
Dictyoneurunty 203-4, 238, 241, 253, 
254; D. calif or nicuniy 203 
DictyopteriSy 302, 308-10*, 31 1, 

313, 315 et seq.; D. delicatulay 
309*, 310; D. membranaceay 308, 
309*, 313*; D. polypodioides (syn.), 
308 

Dictyosiphoriy 22, 27, 112-14*, 140; 
D. Chordariay 114, 137; D.foenicu- 
laceusy 52, 1 1 3*, 1 14, 130, 135*; 
D. hippuroideSy 131 
Dictyosiphonaceae, 1 12-17*, 130, 

136, 138 et seq. 

Dictyosiphonales, 138, 139 
Dictyosphaeria favulosUy 12 
DictyotUy 25, 28, 29, 74*, 302-4*, 
30s. 3”. 313. 316, 317, 319, 408; 
D. atomaria (syn.), 307; D. 

BinghamiaCy 304; D. ciliatay 304; 
D, dichotomay 26*, 36*, 73, 302-4*, 
313, 314*, 316, 318 
Dictyotales, 9, 10, 19, 28, 37, 41, 42, 
138, 154, 169, 260, 302-22; early 
development, 317-18; reproduc- 
tion, 38, 40, 311-17*; vegetative 
structure, 21, 23, 36, 302-10* 
Dictyotopsisy 320; D, propaguliferay 
320* 

Dictyurusy 574-6, 712, 719, 747; D. 
purpurascenSy 574, 577* ; O. querci^ 
folia (syn.), 576 
Diffuse growth, 54, 423, 426 
Digenea, 549, 746; D. simpleXy 7, ii, 
547*. 549 

Digitatae (sect. Laminaria)y 196 
Dillisk {Bkodymenia palmata)y 515 
DilophuSy 304 

Dilseay 490, 639, 740; D . edulisy 490, 
638 

Diplobiontic Florideae, 415, 602, 
628-737; relation to haplobiontic 
forms, 626-7, 736-7 
Diplocolon (syn.), 844; D. Heppii 
(syn.), 845* 

Diploid forms, among Ectocarpales, 
128, 130, 137, 138; among Flori- 
deae, 725, 727 

Dipterosiphoniay 560, 561*, 563, 568, 
746; D. dendriticay 559*, 560; 
D. heterocladay 559*, 560 
Disaccharides, 33 

Disc of Corallinaceous conceptacle, 
644, 646, 653 

Discontinuous distribution of sea- 
weeds, 10, 12 

Discosporangiunty 299; D. mesarthro- 
carputHy 298* 


Disphacella, 277, 300 
Dohrniellay 728 

Doliocatellay 854 > 862; D. fortnosay 

857* 

Dorelluy 740 

Dorsiventrality, 528, 551, 560, 566- 
72, 720 

Dothidella Laminariaey 24 
DoxodasyUy 549, 550, 746; D. Bulbo- 

chaetBy 549 

Drought-resistance, i, 323, 326, 372, 
382-3, 398, 426, 483, 808, 866 
Dudresnayay 457, 458*, 459» 638-9*, 
652, 740; D. coccineay 459, 638*; 
D. crassUy 638; D. divaricata (syn.), 
469; D. purpurifera (syn.), 457, 

635 

Dulcitol, 41 1 

Dulse {Rhodymenia palmata)y 515 
Dumontia, 404, 412, 413, 461, 602, 
639, 652, 740; D. filiformis (syn.), 
461 ; D. incrassata, 400, 460*, 461, 
593*, 603*, 638, 640*, 727 
Dumontiaceae, 657, 740; reproduc- 
tion, 635, 637-9; vegetative struc- 
ture, 461, 482-3, 490 
Duration of life of seaweeds, 5, 196, 
207, 215, 326 

Durvilleay 10, 323, 344-6*, 356, 358, 
362, 369, 370, 374, 380, 382; D. 
antarcticay 10, 344, 345*, 371*; 
D. Harveyiy 346; D. potatoruniy 
371*; D. utilis (syn.), 344 
Durvilleaceae, 323, 344-^, 382 
Dwarfing among seaweeds, 6, 384 
et seq. 

Early development, of Acrochaetiurriy 
452; of Ahrifeltia, 495; of Asco- 
phylluviy 327; of Bangiales, 426, 
435-6*; oi Batrachospermurriy 455- 
7*; of Castagneay 80; of Ceramia- 
ceae, 518, 520, 523, 527; of 

Champiaceae, 515; of ChondruSy 
499; of Chorday 221-2*; of Colpo- 
meniay 1 1 1 ; of Corallinay 474-6* ; 
of Cutleriales, 165; of Cysto- 
cloniuniy 486; of CystoseirQy 338; 
of DasyUy 574; of Delesseriaceae, 
536, 538; of Desmarestiay 189; of 
Dictyotales, 317-18; of Dudres- 
nayay 459; of Ectocarpales, 50, 
i34» 136; of Elachistay 68; of 

Florideae generally, 607-8 ; of 
Fucusy 324, 347-9*; of other 
Fucales, 346-9; of Gloeosiphonia, 
460-1*; of Gracilariay 487-8*; of 
Laminariay 195-6; of other Lami- 
nariales, 197, 201, 209, 219, 220, 
223-6*; of Leathesiay 73; of 
Lemaneay 466-7*; of Macrocystisy 
209-11*; of Mesogloeaceae, 77; 
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of Nemaliortf 469 ; of Platomaf 
469-70*; of PlocamiuTTiy 492-3*; 
of Punctaria, 99-100*; of Rhodo- 
melaceae, 548, 563, 566, 568; of 
RhodophylliSy 490; of Scytosiphoriy 
103; of Sphacelariales, 294-7*; 
Sporochnales, 174-6*; of Tilo- 
pteridales, 151 
Echinocaulon (syn.), 463 
Ecklonia, 8, 19, 218*, 253, 254; E, 
hicyclis (syn.), 218; E. huccinalis^ 
216*, 218*, 254; E. maximay 218 
Ecklonieae, 253 
Eclipsiophytes, 5 

Economic uses, of Myxophyceae, 
836, 865; of Phaeophyceae, 24, 
207, 215; of Rhodophyceae, 400, 
427. 486, 497, Sio. 515 
Ectocarpaceae, 52-60, 71, 97, 139; 
reproduction, 40, 51, 126; vegeta- 
tive features, 20, 23, 50, 52-60* 
Ectocarpales, 5, 9, 19, 29, 37, 41, 42, 
49-148, 156, 169, 170, 190, 219, 
252, 260, 291, 299, 349, 380, 381; 
classification, 138-40; life-cycle, 
40, 51, 126-38; reproduction, 38, 
117-26; vegetative structure, 21 
et seq., 27, 28, 52-117 
EctocarpuSy 24, 27, 29, 50, 52-8*, 
1 18 et seq., 127 et seq., 139; 
E. aecidioides (syn.), 60; E, Bat- 
tersiiy 56, 57*; E. brachiatus (syn.), 
97; E. breviarticulatus, 53*, 54; 
E. chantransioides, 54; E. confer- 
voidesy 27, 39*, 124; E. coniferuSy 
55; E. crinigety 53*, 54; E. crinituSy 
149; E. cylindricuSy 53*; E. de- 
formans y 58; E. elachistaeformisy 
56, 57*; E. faeroensisy 55; E. 
fasciculatuSy 54; E. geminatus 
(syn.), 55, 148, 151; E. glohifeTy 
120; E. granulosus y 54, 118; E. 
Hincksiaey 129; £*. indicuSy 124; 
E. investiens (syn.), 76; E. irregu- 
larisy 53*, 54, 55; Lehelliiy 52, 
124; E. lucifuguSy 54; E. luteoluSy 
58; E, maculanSy 57*, 58; E. 

Mertensii (syn.), 148; E. minimus, 
58; E. Mitchellae, 122, 123*, 129; 
E. ostendensis (syn.), 148; E, 

Padinae, 122, 123*; E. paradoxus, 
54; E. parasiticus, 58; E. pusillus 
(syn.), 120, 148; E. reptanSy 39*; 
E. secundusy 122, 123*; E, silicu- 
losusy 7, 26*, 28, 32, 53*, 54, 1 16 
et seq.*, 127-9, i34J simplex, 
129; E. speciosusy 57; E. sphaero- 
phorus (syn.), 107; E. subcorym- 
bosuSy 39*; E. tenellus (syn.), 297; 
E. terminalis (syn.), 61 ; E. tomen- 
tosusy 53* 54, 1 18, 129, 132; 
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E. Valianteiy 57*, 58; E, velutinus, 
57*; E. Vidovichii (syn.), 148; 
E. virescens (syn.), 122 
Ectoplasts, 787 

Egregia, 218-io*, 225, 238, 247, 
250, 251, c^2y 254; E. laevigata, 
219, 220*; JE. Menziesiiy 212*, 219- 
20* 

Egregieae, 253 

Eisenia, 216-18*, 244, 247, 251, 253, 
254; E. arhorea, 216-17*, 228*; 
E. bicyclisy 34, 218; E. Cokeri, 218, 

254 

Elachista^ 50, 52, 67-70*, 73, 85, 140, 
161; E. fucicola, 67, 68, 70, 137; 
E. intermedia, 68, 69*; E. lubrica, 
68, 69*; E. scutulata, 8, 67, 69*; 
E. stellarisy 69*, 70, 137; E, 

stellulata (syn.), 73 
Elachistaceae, 67^1*. 73. 76, 88, 
140, 169 

Eleutherospora (syn.), 653 
Embryospore, 118, 248 
Encoeliaceae, 52, 108-12*, 130, 140, 

219, 365, 381 

Encrusting seaweeds, 5, 60 et seq., 
i59» 308, 502-11 
Encyothalia, 171, 173 
Endemic seaweeds, 10, 13, 323 
Endochite (of Fucales), 372 
Endocladia, 3, 407, 445, 482-4*, 634, 
653, 740, 744; E. muricata, 483*, 

633* 

Endocladiaceae, 482-4*, 630, 634, 
656, 740 

Endogenous branching, 362, 531, 
546, 563, 566 

Endolithic Myxophyceae, 827, 847, 
852, 866-8 

Endonema, 812-13, 820, 858, 861; 

E. montliforme, 810* 
Endonemataceae, 861 
Endophytes, 24, 58, 60, 73, 89, 262, 
281, 424, 453, 578, 872 et seq. 
Endoplasts, 771 

Endosiphonia Thureti (syn.), 582 
Endospores of Myxophyceae, 780, 
799, 810-13*, 819, 820, 827, 847 
Enteromorpha, i, 7, loi, 408; E, 
compressa, 408 
Entonema, 58, 60 
Entophysalidaceae, 818-19*, 
EntophysaliSy 81 1, 818-19*, 861; E. 

granulosa, 818*, 819, 862 
Enzymes, 33, 41 1, 787, 800; see also 
Oxidases 

Ephebe, 875 ; E. lanata, 873* 
Epibiontic Myxophyceae, 878 
Epilithon, 507, 645 et seq.*, ^53, 655, 
741 ; E. membranaceum, 506*, 507, 

647*, 654* , , 

Epineuron spirale (syn.), 572 
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Epiphytes, 3, 23, 60, 281, 427, 519, 
578, 587, 819, 824, 862-3; of 
Fucales, 54, 67, 73, 504, 548; of 
Laminaria, 79, loi, 196, 504, 525, 
548 ; of Rhodophyceae, 97, 107, 108 
Epiplasts, 776 
Epymenia, 744 

Erythrocladia, 424, 431, 438; E. 

subintegra, 425*, 432* 
Erythroclonium, 486, 741; E. Miilleri, 
487* 

Erythropeltis, 423 
Erythrophyllum, 740 
Erythrotrichia, 397, 423-5*, 431, 
433-4» 438, 440 ; Boryana, 423 ; 
E. cornea, 424, 425*, 432*; E. 
ceramicola, 424; E. discigera, 423; 
E. ohscura, 423 et seq.*, 432* 
Erythrotrichieae, 423 
Ethelia, 505, 741 

Eucapsis, 804, 816, 861; E. alpina, 
817* 

Eucheuma, 400, 741 ; E. speciosum, 400 
Eudesme, 79, 80, 140 
Euglenineae, 32 
Eulemanea, 464, 466, 612 
Euptilota, 525, 744 
Euptilota Cramer (syn.), 523 
Eusargassum, 341 

Euthora, 501, 634, 740; E. cristata, 
SOI*, 634 

Euzoniella, 566-7, 747; E. adianti- 
formis, 565*, 566; E. incisa, 565*, 
566 

Evection, 54, 824 
Exochite (of Fucales), 372 
Exospores of Myxophyceae, 810*, 
813, 822 

Eye-spot, see Stigma 


Faeroes, seaweed vegetation of, 8, 9 
Falkenbergia, 549, 586*, 587, 627, 
717; F. Hillebrandii, 586* 
Falkenbergiella, 566, 746 
False branching, in Bangiales, 427; 
in Myxophyceae, 795, 807, 838, 
839*, 842, 844 
Farlowia, 740 

Fats, 34, 304, 41 1, 430, 771, 786 
Fauchea, 515, 517, 677-8, 744; F. 

Fryeana, 516*, 676*, 677* 
Fertilisation, in Bangiales, 434; in 
Cutleria, 163; in Dictyotales, 316; 
in Florideae, 596-9*; in Fucales, 
377-9* 

Filament of Myxophyceae, 769 

Fischera (syn.), 852 

Fischerella, 81 1, 852-4*, 862; F. 

major, 853*; F. mucicola, 853* 
Fischerellopsis, 854, 862; F. Harrisii, 

85s* 

Flahaultia, 741 ; F. appendiculata, 741 


Flavins, 29, 405 

Florideae, 9, 42, 196, 397, 398, 437, 
444-767, 782, 827; classification, 
415-16, 737-47; ecology, 2 et seq., 
453, 510, 578 et seq.; life-cycle, 
599-602, 622-8, 722-37; repro- 
duction, 591— 719 ; vegetative struc- 
ture, 21, 444-591 

Floridean starch, 398, 402, 403*, 
409-11, 423, 437, 607 
Floridose, 400 
Floridoside, 41 1 

Fluorescence of Myxophyceae, 781 
Foliose differentiation, in Phaeo- 
phyceae, 97 et seq., 193 et seq., 
302 et seq.; in Rhodophyceae, 
397, 496-502, 529-43 
Food-reserves, of Myxophyceae, 770, 
786-7; of Phaeophyceae, 33; of 
Rhodophyceae, 409-1 1 
Fosliella, 506 

Fossil Myxophyceae, 859, 862, 868; 
Phaeophyceae, 42 ; Rhodophyceae, 
511, 653 

Freshwater Phaeophyceae, 55, 58, 
67; Rhodophyceae, 398, 407, 423, 

504. 737-40 

Fucaceae, 324-30, 349, 353, 356, 
359, 363, 376, 381 

Fucales, 12, 19, 25, 29, 33, 34, 35, 37, 
41, 95, 192, 251, 252, 322-96; 
apical growth, 349-54*; classifica- 
tion, 381-2; conceptacles, 362-8*; 
early development, 346-9*; eco- 
logy, I, 4, 6, 24, 382-9; reproduc- 
tion, 38, 40, 368-80*; vegetative 
structure, 21, 22, 36, 96, 324-62* 
Fucin, 24 

Fucodium gladiatum (syn.), 329 
Fucoidin, 24 

Fucosan, 29, 31; -cells, 55, 56*, 67, 
240; -vesicles, 26*, 28, 31-3, 60, 
244, 265, 304, 358, 376 
Fucose, 33 
Fucosterol, 29, 405 
Fucoxanthin, 25, 29, 30, 409 
Fucoxanthophyll, 29 
Fucus, I, 22, 24, 25, 27, 29, 35, 67, 
129, 323, 324-^*, 330, 347 et seq., 
356 et seq.*, 363, 366 et seq.*, 
381, 548; F. Areschougii (syn.), 
326; F. axillaris, 326; F. balticus, 
385, 388; F. ceranoides, 324, 326, 
365, 379, 383, 387; dichotomus, 
324; F. edentatus, 326; F. evanes- 
cens, 3, 31, 326, 383; F. furcatus, 
350*, 368; F. inflatus, 326, 382, 
388; F. lutarius, 36*, 385, 386*, 
387; F. Mytili, 387; F. platy- 
carpus (syn.), 324, 326; F. serratus, 
5, 7, 32, 33, 324, 325*, 326, 362, 
364*, 367*, 375* 377, 379, 382, 
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383, 3 ^ 7 y 388; F. spiralis, 2, 324, 
326, 363, 367*, 368, 2 > 7 S*y 379, 382, 
386*, 387; F. spiralis var. platy^ 
carpus, 325*, 326; F. vesiculosus, 
7, 9, 10, 26*, 33, 36*, 324 et seq.*, 
331*, 348^ 350*, 360, 361, 366, 
367# 371* 375*, 378*, 379, 382, 
383, 388, 408; F. virsoidesy 8, 326; 
F. volubilis, 385, 387 
Fucus, salt-marsh forms of, 366, 

384*, 385-7* 

Fungal parasites, of Florideae, 584; 
of Myxophyceae, 875 ; of Phaeo- 
phyceae, 24, 327, 335 
Furcellaria, 404, 412, 444, 476-8*, 

590, 657, 659-60*, 674, 741; F. 
fastigiata, 8, 400, 41 1, 476, 477*, 

591, 594, 595*, 657,659*, 675* 725 
Furcellariaceae, 496, 741 
Fuxochlorin, 796 

Fuxorhodin, 796 

Galactose, 400 

Galaxaura, 12, 400, 471-2, 620, 622, 
625, 740; G. adriatica, 626; G. 
corymhtfera, 471; G. lapidescens, 
473* 

Galls of Florideae, 583-4 
Gametangia, of Cutleriales, 38, 161- 
3*; of Ectocarpales, 38, 51, 119, 
I2I, 122, 126; of Sphacelariales, 
38, 289, 293; of Tilopteridales, 

153, 155 

Gametophytes, of Cutleria, 157 et 
seq.*; of Desmarestiales, 187-9*; 
of Ectocarpales, 51, 118, 119, 127, 
130, 133, 135*; of Laminariales, 
247-51*; of Phaeophyceae gener- 
ally, 21, 38, 40; of Sporochnales, 
171, 177-9* 

Gas-vacuoles of Myxophyceae, 772; 

see also Pseudo-vacuoles 
Gastroclonium, 514, 584, 678-9*, 

68i, 682, 744; G. clavatum, 514, 
584; G. kaliforme (syn.), 511; G. 
ovale, 514, 679*, 681*, 682* 
Gattya, 744, 745 
Gelidiaceae, 740 

Gelidiales, 416, 740, 742; reproduc- 
tion, 628-30* ; vegetative struc- 
ture, 412, 461-3* 

Gelidiella, 463, 630, 740 
Gelidium, 2, 399, 400, 461-3*, 628- 
30*, 740; G. cartilagineum, 463*, 
628, 629*; G. rrinale, 463*; G. 
latifolium, 461; G. pusillum, 463 
Gelidocolax, 582 
Geloses of Florideae, 400 
Geminocarpus, 52, 55, 139; G. gemi- 
natus, 130 

Genicula (of Corallina), 474 
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Genotypic sex-determination, 248, 

318, 592 

Geographical distribution, 7-13 ; of 
Desmarestiales, 180; of Dictyo- 
tales, 302; of Ectocarpales, 51-2; 
of Fucales, 323, 381; of Lamina- 
riales, 253-4; of Myxophyceae, 
863; of Sphacelariales, 263; of 
Sporochnales, 17 1-3 
Geosiphon, 877 

Germination of spores, in Bangiales, 
435; in Dictyotales, 317-18; in 
Ectocarpales, 118; in Florideae, 
445, 452, 455, 607-8; in Fucales, 
346-7; in Myxophyceae, 808-9, 

81 1. ; in Tilopteridales, 151; see 
also Early development 

Giffordia, 121 

Gigartina, 192*, 398, 400, 409, 4^^, 
,/59i, 660, 669-72*, 674, 744; G. 
acicularis, 499; G. calif ornica, 674; 
G. Harveyana, 408; G. mamillosa 
(syn.), 497; G. radula, 10; G. 
stellata, 2, 8, 400, 407, 497 et 
seq.*, 672, 724; G. Teedii, 499, 
670 et seq.* 

Gigartinaceae, 496, 634, 669, 744; 
reproduction, 669-72, 674; vegeta- 
tive structure, 397, 444, 449, 497- 
501* 

Gigartinales, 9, 416, 634, 722, 728; 
classification, 741-4; reproduc- 
tion, 592, 601, 603, 656-74*, 725, 
731^*; vegetative structure, 412, 
445, ^9, 476-8*, 484-502*, 608 
Ginnania furcellata (syn.), 471 
Giraudya, 71-2*, 138, 140; G. 

sphacelarioides, 72*, 124 
Girvanella, 859 

Glacial epochs and seaweed distribu- 
tion, 10, II 
Glaucocystis, 875 

Gloeocapsa, 793, 795, 796, 804, 81 1, 

812, 814-15*, 816, 819, 861, 873*, 
875; G. alpina, 865, 875; G. 
crepidinum, 820, 862; G. montana, 
784, 815* 

Gloeocapsidium (syn.), 820 
Gloeocapsin, 796 
Gloeocapsomorpha, 862 
Gloeockaete, 875 

Gloeopeltis, 482-4*, 634, 652, 740; 
Q. capillaris, 483 ; G. furcata, 

483*, 631* 

Gloeosaccion, 517, 744 
Gloeosiphonia, 412, 445, 457, 459-61, 
630-2*, 634, 635, 639, 640, 740; 
G. capillaris, 448*, 459, 460*, 631*, 

725 

Gloeosiphoniaceae, 656, 740; repro- 
duction, 630-3; vegetative struc- 
ture, 457, 459-61* 
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Gloeothamnion (syn.), 528 
Gloeothece, 804, 814-15*, 861; G, 
confluensy 815*; G. linearis . 800, 
815* 

Gloeotrichiay 772, 795, 808, 837, 
840-1*, 861; G. echinulatay 841*; 
G. intermediay 779*; G. natanSy 
809*; G. Pilgeriy 799; G. Pisunty 
841* 

Glossophora, 313 

Glucose, 400 

Glycogen, 768, 780, 786 

Gobia haltica (syn.), 114, 115* 

Gomontiellay 832, 86i ; G. suhtuhulosay 

833* 

Gomphosphaeriay 812, 816-17*, 861, 
878; G. aponinay 790, 817*; G. 
lacustris, 817* 

Gonidia, of Bangiales, 431; of 
Myxophyceae, 81 1, 813; see also 
Endospores and Exospores 
Gonimoblast, 413, 415, 447, 599, 
601, 602, 610, 614, 630, 665, 703, 
709; -initial, 610, 614, 619, 632, 
637, 641, 648, 657 
Gonimolobes, 635, 678, 685 
Gonimophylluniy 580, 701, 729, 746; 

G. Skottsbergiiy 730* 

Goniolithon frutescensy 511 
Goniotrichumy 427, 431, 438; G. 
Alsidiiy 427; G. cornu cervi, 427; 
G. dichotomum (syn.), 427; G. 
elegansy 427, 428*; G. Humphreyiy 
427; G. ramosutn (syn.), 429 
Gonodia (syn.), 72 
Gontrania, 80, 140 
Gracilariay 76, 399, 400, 486-8*, 
489, 582, 591, 668-9*, 674, 728, 
742 ; G. armatUy 1 1 ; G. compressay 
488*, 669; G. confervoideSy 7, 9, 
486, 488*, 489*, 582, 668*, 669; 
G. 403*; G. lacinulata (syn.), 
487; G. lichenoidesy 400; G. multi- 
partita, 487 ; G.purpurascens (syn.), 
484; G. Sjostedtiiy 668* 
Gracilariaceae, 583, 742; reproduc- 
tion, 668-9; vegetative structure, 
486-8 

Gracilariophilay 582 
Grania (sect. Acrochaetium), 453 
Grateloupia, 478, 635, 740; G. dicho- 
toma, 478, 636*; G. filicinay 478, 
479*, 635, 636* 

Grateloupiaceae, 583, 657, 740; re- 
production, 635, 639; vegetative 
structure, 478 

Green Algae, see Chlorophyceae 
Griffithsia, 399, 403*, 40S, 4” et 
seq., 447, 520-2*, 588, 590, 592, 
686-7, 691, 694, 712, 722, 744; 
G. Bornetiana (syn.), 522 ; G. 
corallinUy 520 et seq.*, 598*, 606, 


686 et seq.*, 693*; G. corallinoides 
(syn.), 522; G. equisetifolia (syn.), 
522; G. flosculosa (syn.), 522; G. 
globiferoy 413, 521*, 522, 606, 687, 
693*, 713*, 723, 727; G. opun- 

tioideSy 607; G. pactfica, 713*; 

G. secundtflora (syn.), 522; G. 
setacea, 448*, 522, 686 

Grinnellia, 531, 696-7*, 701, 714, 
746; G. americana, 531, 532*, 
697*, 702*, 715* 
Group-orientation (Fucales), 347 
Growth of seaweeds, conditions af- 
fecting, I et seq., 253, 382, 407, 51 1 
Guignardia, 24 
Gulf- weed (Sargassum), 388 
Gulsonia, 737, 738 
Gunnera and Nostoc, 872-4 
Gymnogongrus, 400, 495, 732, 734 - 5 *, 
744; G. Griffithsiae, 495, 73475*, 
736; G. linearis y 735; G. norvegicus, 
495, 498*, 732; G. platyphylluSy 
735 ; plicatus (syn.), 494 
GymnosuruSy 308 

Hairs, of Corallinaceae, 474, 507; oi 
Dictyotales, 304 et seq.*, 31 1; of 
Ectocarpales, 50, 54, 61, 67, 73, 
80, in; of Florideae, 44^50, 
455, 488*, 520, 722; of Fucales, 
348, 365, 366; of Laminariales, 
237; of Phaeophyceae generally, 
23, 32; of Rivulariaceae, 772, 837; 
of Sphacelariales, 262, 271-3*, 

274, 277 

Halarachnion, 496, 660, 724, 741 ; 

H , ligulatum, 496, 657, 661* 
Halidrysy 22, 24, 73, 323, 332, 339, 

353, 358 et seq., 363, 366, 376, 
377, 379, 382; H. dioica, 332, 
369; H. osmundacea (syn.), 337; 
H. siliquosa, 9, 33, 332, 333*, 352*, 
353, 369, 383 
Halimeday 5 ; H. Tuna, 1 1 
Halodictyon, 576; H. mirabilcy 576, 
577* 

HalopithySy 569-70*, 572, 591, 747 ; 

H. pinastroideSy 569* 

Haloplegma, 744, 746; H. Preissiiy 
745 * 

HalopteriSy 35, 262 et seq.*, 300; 
H. filicinay 261 et seq.*, 272*, 274, 

275, 287, 288*, 291 et seq.; H, 
funiculariSy 10, 263, 270, 272*, 274, 
287, 288*, 293; H, hordaceuy 262, 
268, 270, 287, 293, 294; H. 
scopariUy 36*, 261 et seq.*, 266 
et seq.*, 272*, 274, 279, 281, 285, 
287, 288*, 291 et seq., 294, 295* 

HalorhizUy 93, 140; H. vagUy 94 
Halosaccion ramentaceumy 8, 517 
HalothriXy 71, 140; H, lumbr kalis y 70* 
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Halurusy 522, 687, 691, 694, 744; 

H. equisetifoliuSy 522 
Halymeniay 478, 635, 740; H. Duhyi 
(syn.), 496; H. ligulata (syn.), 496; 
H. saccata (syn.), 515 
Halyseris (syn.), 302, 308 
Hammatoideay 837, 861 ; H, Nor- 
manniy 838* 

Handeliellay 846, 861 
Hapalosiphoriy 81 1, 846, 852-4*, 856, 
862 ; H. Brauniiy 796 ; H. hibernicuSy 
853*; if. laminosus (syn.), 854 
Haplobxontic Florideae, 415, 416, 
599, 608-28, 640 ; relation to diplo- 
biontic forms, 626-7, 736-7 
Haplogloeay 85, 140; H, Kuckuckiiy 

84* 

Haplosporuy 28, 148 et seq.*; if. 

globosoy 148, 150*, 152 et seq.* 
Haplostichous Ectocarpales, 60-96, 
140 

Haptera, of Laminariales, 194*, 195, 
243, 244; of Florideae, 484, 492, 
55 i*» 552, 568 

HapterophycuSy 87, 137, 140; if. 

canaliculatuSy 136 
HaraldiUy 536, 746 
Harveyellay 580-2*, 650-1*, 727, 
741; if. tnirabiliSy 581*, 582, 651*, 
652; if. pachyderma (syn.), 581, 
650 

Hecatonemay 6i, 63, 140 ; fi. maculansy 
60, 62*; if. terminalisy 27, 60, 61 
Hedophylleae, 253, 254 
Hedophylluniy 200, 201*, 217, 253, 
254; H. sessile y 200, 201*; if. 
spiraley 200; if. subsessiley 200, 
201* 

Helicothamnion scorpioides (syn.), 551 
Helminthocladiay 89, 402, 471, 6io- 
12*, 624, 736, 740; if. Calvadosiiy 
469, 470*, 595**, 61 1*, 612; if. 
Hudsoni Batt. (syn.), 469; if. 
Hudsoni].Ag.y 627, 736; if. Papen- 
fussily 6 iZ‘y H. purpurea (syn.), 469 
Helminthocladiaceae, 740 ; repro- 
duction, 612-16*, 622; vegetative 
structure, 468-71* 

Helminthora, 471, 614, 616, 623, 
740 ; if. divaricatUy 469, 470*, 

598*, 614, 615* 624* 

Hemiblastic branching of Sphacela- 
riales, 271, 274, 275 
Hemicelluloses, 788 
Hemicryptophytes, 5 
Hemineuray 694, 746; if. frondosUy 

529 

Hemiphanerophytes, 5 
Hennedyay 742 

Henware (. 4 /nrwi esculenta)y 213 
Heribaudiellay 19, 67, 119, 140, 504; 
if. fluviatiliSy 64* 


Heringiay 742 
Herpochondriay 720-1, 746 
Herposiphoniay 560, 561*, 705, 707, 
717, 746; if. secunday 559*, 560, 
718*; fi. tenelluy 559*, 560 
Herposiphonieae, 558, 560, 563, 566, 
746 

Herpothammon hermaphroditum (syn.), 
520; if. Turneri (syn.), 520 
Herpyzonemay 813, 846-7*, 861, 863; 

if. intermediay 847* 

Hesperophycusy 326, 372 ; fi. Harvey- 
anuSy 371* 

Heteroblasty, 132 

Heterochordariay 37, 52, 86, 89, 120, 
140; if. abietinay 84*, 86, 127, 130 
Heterocysts, of Corallinaceae, 507; 
of Myxophyceae, 769, 793, 796- 
800*, 807, 829, 850, 856, 858 
Heterogeneratae, 138 
Heteromorphic alternation, 40; in 
Cutleriay 21, 163, 169, 170; in 
Ectocarpales, 51, 127, 130^; in 
other Phaeophyceae, 171, 252 
Heterosiphonkty 572-4*, 580, 709, 
712, 719, 747; Berkleyiy 574, 
712; H. coccinea (syn.), 574; if. 
plumosay 401, 448*, 574, 575*, 
712; fi. Wurdemanniy 575* 
Heterospora (syn.), 148, 149; if. 

Vidovichii (syn.), 149 
Heterotrichous filament, in Myxo- 
phyceae, 848 et seq.*; in Phaeo- 
phyceae, 20, 52 ; in Rhodophyceae, 
397 , 423, 450 

Heterotrichy, in Myxophyceae, 769, 
822, 848, 852, 858; in Phaeo- 
phyceae, 20, 21, 50, 77, 97, 127, 
134, 149, 169, 191, 248, 260; in 
Rhodophyceae, 397, 426, 438, 445, 
479, 502 

Heterotrophic nutrition in Myxo- 
phyceae, 870-1, 874 
Hildenbrandiay 2, 5, 398, 404, 504, 
655-6*, 725, 741; if. Crouaniy 
656*; if. prototypuSy 504, 656*; 
if. rivulariSy 503*, 504 
Himanthaliay 34, 67, 323, 331-2, 
353 et seq., 358, 359, 365, 366, 
368, 372, 382, 384; if. loreUy 330*, 
331*. 357*. 364*. 371* 
Himanthaliaceae, 382 
Hiromey 215, 216*, 253 
Holdfasts, of Florideae, 484, 492, 
551*, 552, 568; of Fucales, 322, 
332, 335, 359; of Laminariales, 
192, 193, 194*, 209, 220; see also 
Attachment systems, Haptera 
Holmsellay 582, 650, 652; if. pachy- 
dernuiy 582, 652*, 669 
Holoblastic branching of Sphace- 
lariales, 273-5, 277, 285 
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Holopediay 800, 804, 816, 861 ; H. 
irregularis y 817* 

HomoeothriXy 840, 861; H. julianay 
839*; H, variansy 840 
Hormactis Balani (syn.), 846 
Hormathonemay 827, 861, 866; H. 

paulocellularey 828* 

Hormocysts, 805*, 807, 81 1, 845* 
Hormogoneae, 769, 770, 829, 848, 
858 

Hormogonia, 768, 774*1 787* 800, 
801, 804-7*, 829; of Nostocaceae, 
798, 799, 807, 81 1, 836, 872; of 
Oscillatoriaceae, 791, 831 ; of Rivu- 
lariaceae, 837 ; of Scytonemataceae, 
807, 844; of Stigonematales, 848, 
852, 856 

Hormosiray 323, 344, 354, 369, 370, 
382; Banksiiy 345*, 355* 
Hormosiraceae, 323, 344, 382 
Hormospora ramosa (syn.), 429 
Hermothamniotiy 836, 861, 863 
Hot springs. Algae of, 769, 854, 864, 
868 

Hybridisation in Fucales, 325*, 379, 
380 

HydroclathruSy 19, 52, in, 140; H. 

cancellatuSy ii, no*, in 
Hydrocoleus y 831-2, 861; H. gluti- 
nosusy 782 ; H. lyngbyaceusy 795 
Hydrocoryney 844, 861 
Hydrogen-ion concentration and sea- 
weeds, 3 

Hydrolapathum sanguineum (syn.), 

532 

Hyellay 788, 826-7, 861, 866; H. 
Balaniy 827; H, caespitosoy 827, 
828* 


Hyellaceae, 861 
Hymenocladiay 683, 744 
Hymenoclonium serpensy 627 
Hyphae, 22; in Desmarestiales, 182, 
185, 186; in Ectocarpales, 82, 83, 
85, 93, 1 14; in Florideae, 446, 460, 
478, 5i4» 533» 548, 616; in Fucales, 
358-9; in Laminariales, 223, 229, 
236 

Hyphomorphay 848, 861; H. Antil- 
larunty 849*; H. Perrieriy 848 
HypneUy 400, 486, 588, 663, 665-6, 
669, 742; H. musciformisy 7, n, 
486, 487*, 588, 589*, 663, 667*; 
H. purpurascens (syn.), 484 
Hypneaceae, 742; reproduction, 665- 
6; vegetative structure, 486, 588 
Hypnophytes, 5 

Hypoglossunty 529-^31*, 696, 701, 716, 
746; H. Leprieurii (syn.), 531; 
H. Woodbmrdiiy 529, 530*, 697*, 

715* 


Hypothallium of Corallinaceae, 508, 


510 


Ice, effect on littoral seaweeds, 3, 253 
lleUy 103, 140 
Implicariay 540 
InactiSy 832 
Incipient nucleus, 780 
Incrustation with calcium carbonate, 
see Calcification 
Indo-Pacific seaweeds, 9, n, 12 
Inner investment of Myxophyceae, 
787, 788, 797, 807 
Insolation, effect on seaweeds, 2, 28, 
382, 407 

Intercalary growth, in Florideae, 
507-8, 529, 535-6 ; in Laminariales, 
192, 193, 195, 203, 21 1, 221, 223, 
231, 236, 237; in Sporochnales, 
1 73-4 ; see also T richotnallic growth 
Intercalary heterocysts, 797-8 
Interrelationships, of Ceramiales, 
719-22; of Myxophyceae, 856-9 
Introduction of seaweeds, 13, 109, 
480, 520 

Iodide oxidases, 35 

Iodine, in Florideae, 410, 412, 586-7; 

in Phaeophyceae, 25, 34, 35 
IridaeUy 400, 405, 41 1, 672, 744; 
7 . cordatay 10, 743*, 7^; 7 . edulis 
(syn.), 490; 7 . laminarioides (syn.), 
744; 7 . micans (syn.), 744 
Iridescence, in Florideae, 584-5; in 
Phaeophyceae, 28, 304, 334 
Iridophycus (syn.), 744 
Irish Moss {Chondrus crispus)y 497 
Iron-Bacteria, 860, 869 
Iron-deposition, in Myxophyceae, 
819, 869; in Phaeophyceae, 25; in 
Rhodophyceae, 401 
IsocystiSy 800, 835, 861 
Isogamy, 51, 120, 291 
Isogeneratae, 138 

Isomorphic alternation, 40, 260; in 
Cutleriales, 169, 170; in Dictyo- 
tales, 302, 318; in Ectocarpales, 
51, 127-30; in Florideae, 602, 722, 
724, 737; in Sphacelariales, 291, 
299; in Tilopteridales, 154, 155 
Isthmoploeay 107, 140; 7 . sphaero- 
phorOy 105*, 107 

lyengariay iii, 140; 7 . stellatOy iii 

JanczewskiUy 578, 580, 707, 746; 
y, tasmanicay 580; y. verrucae- 
formiSy 579*, 580 

yaniay 473, 474, 476; pumilay 473; 
y, rubensy 473* 

Japan, algal flora, 9, 13; Florideae 
of, 539, 540, 741, 744; Phaeo- 
phyceae of, 90, 196, 254, 323, 339 
Juvenile stages, of CutleriCy 165-8*; 
of Ectocarpales, 134, 136; of 

Florideae, 457; see also Early 
development 
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Katagnymene^ 829, 861, 862; K, 
palustrisy 833* 

Kjellmania sorifera (syn.), loi 
Kiitzingia, 571-^2, 747; K. canali- 
culata^ 569* 

Kylinuiy 452, 608, 737 

Kyliniellay 424, 438 ; K. latvica^ 


425*^ 

Kyrtuthrix, 


846-7*, 


861, 


866; K, 


dalmatica, 847* 


Laboulbeniales and Rhodophyceae, 

417 

Lakes, algal vegetation of, 398, 455, 
466, 504, 824 

Lamina (of Laminariales), 192, 225; 
renewal of, 194*, 195, 196, 215, 
232, 241, 356; structure of, 235-8 
Laminariay 22 et seq., 29, 31, 33 et 
seq., 192 et seq.*, 221, 226, 228*, 
229, 232, 235 et seq., 240, 241, 
244, 247, 250, 251, 253, 383; 
L. Agardhii, 238; L. Andersonii, 
194*; L. apoda (syn.), 200; L, 
Cloustoniy 8, 34, 192*, 194*, 196, 
221, 233*, 238 et seq.*, 242*, 243, 
247, 248, 251, 281, 504; L. digitata, 
7, 24, 192*, 194*, 196, 224*, 230*, 
238, 245*, 247, 249*; L. ephemera, 
196; L. Fascia (syn.), 103; L. 
flexicaulis (syn.), 196; L. gyrata, 
195; L. hyperborea (syn.), 196; 
L. japonica, 195; L. Lejolisii, 226, 
238, 253; L. longicruris, 195; L, 
longipes, 196; L, pallida, 8, 253; 
L, Peterseniana, 215; L. religiosa, 
I95> 250; L. Rodriguezii, 13, 194*, 
196, 253; L. saccharina, 8, 34, 39*, 
i93-5*» 221, 233* 234, 238, 247, 
249*, 251; L. sessilh (syn.), 200; 
L. Sinclairii, 194*, 196, 241, 254; 
L. solidungula, 195; L. triplicata 
(syn.), 197 

Laminariaceae, 193-202, 219, 253 
Laminariales, 4, 7, 21, 23 et seq., 31, 
33 et seq., 37, 41, 96, 139, 179, 
190, 192-260, 322, 346, 355, 380; 
anatomical structure, 22, 221—44*; 
classification, 253; early develop- 
ment, 223-6; external morpho- 
logy» 1 93-221*; gametophytes, 
247-51*; geographical distribu- 
tion, 9, 10, 12, 253-4; reproduc- 
tion, 38, 40, 244-51*, 380 
Laminarieae, 253 
Laminarin, 32, 33 
Laminariose, 33 

Landsburgia, 323, 339, 382; L. querci- 
folia, 342* 

Laurencia, 398, 399, 409, 413, 554, 
557-8*, 578, 580, 584, 705, 707, 
709, 716, 717, 722, 746; L, dasy- 
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phylla (syn.), 556; L. hybrida, 
331*, 605*, L. obtusa, 557*, 
558, 709, 710*; L. papulosa, 557*; 
L. pinnatifida, 2, 9, 557*> 558, 
605*, 703, 709, 710*; L. tenuissima 
(syn.), 556; L. virgata, 588 
Laurencieae, 746 
Laver (Porphyra), 427 
Leathesia, 21, 50, 73, 75*, 76, 82, 
140; L. Berkleyi (syn.), 76; L. 
crispa, 73; L. difformis, 9, 73, 75*, 
76, 131, 136 

Leathesiaceae, 71-6*, 87, 90, 140 
Lejolisia, 720, 744; L. mediterranea, 
720, 721* 

Lemanea, 398, 404, 407, 41 1, 413, 
463-6*, 467*, 612, 613*, 622, 624, 
627, 738; L. annulata, 466, 467*, 
613*; L. australis, 465*, 613*; 
L. fluviatilis, 465*, 466, 613*; L. 
fucina, 466 ; L. mamillosa, 466, 
467*, 613*; L. nodosa, 465*, 613*; 
L, parvula, 466 ; L. torulosa, 466 
Lemaneaceae, 738; reproduction, 
6 1 2-1 3* ; vegetative structure, 463- 
7 * 

Lempholemma chalazanum, 873*, 875 
Lenormandia, 570, 747 ; L, marginata, 
57 °. 571 * 

Leptocaulous Sphacelariales, 265, 
268 

Leptochaete, 840, 861 ; L. marina, 
839* 

Leptonema, 70, 71, 140; L. fascicu- 
latum, 70*; L. lucifugum, 71 
Leptopogon, 854, 862 
Lessonia, 10, 19, 203, 204-5*, 232, 
240, 253, 254; L. flavicans, 204, 
205*, 208*, 254; L. fuscescens 
(syn.), 204; L. laminariaeoides, 
204, 254; L. littoralis (syn.), 213; 
L. nigrescens, 204, 205*, 254; 
L. ovata (syn.), 204; L. simulans 
(syn.), 216 

Lessoniaceae, 203-13*, 219, 253 
Lessonieae, 253, 254 
Lessoniopseae, 253 
Lessoniopsis, 213, 231, 232, 235, 241, 
253, 254; L. littoralis, 214*, 228* 
Leucoplasts, 410, 433, 499, 544, 
582 

Leveillea, 568, 706, 709, 719, 720, 
747; L. jungermannioides, 568, 
569*, 707*, 710*, 718* 

Levringia, 85 

Liagora, 400, 402, 469, 471, 614, 
624, 736, 740; L. tetrasporifera, 
468*, 626*, 627, 736; L. valida, 
12 

Lichens and Myxophyceae, 769, 875 
Lichina, 2 
Liebmannia, 77 


F All 
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Life-cycle, of Bangiales, 435-6; of 
CutleriOf 165-9; of Dictyotales, 
318-19; of Ectocarpales, 51, 126- 
38 ; of Florideae, 622-7, 722-37 ; of 
Fucales, 322, 380; of Laminariales, 
192, 247, 252; of Phaeophyceae 
generally, 40; of Sphacelariales, 
291-4; of Sporochnales, 171, 177; 
of Tilopteridales, 153-6 
Life-forms of seaweeds, 5 
Light, and akinete-germination in 
Myxophyceae, 808; and distribu- 
tion of seaweeds, 4, 8, 407; and 
movements of Myxophyceae, 800, 
801, 803; and thallus-organisation, 
225, 307, 346, 347, 397, 522, 607; 
and zonation of seaweeds, 3, 383 
Light, influence of composition and 
intensity on colour of Florideae, 
407; of Myxophyceae, 784, 786, 
792, 796 

Light-absorption, in Phaeophyceae, 
3 1 ; in Rhodophyceae, 409 
Light-reflecting bodies, 357*, 471, 

5 14. 584-5* 

Lime-boring Algae, 440, 511, 769, 

866-8 

Lime, deposition of, 769, 868-9. See 
also Calcification 

Limestone cliffs, algal vegetation of, 

866 

Lithoderma, 23, 27, 65, 66, 119, 120, 
130, 140; L, extensum (syn.), 66; 
L. fatiscensj 26*, 65*, 66*, 121* 
Lithodoroy 67 

Lithomyxay 869; L. calcigenay 867* 
Lithophylluniy 507-10*, 591, 597, 
644 et seq.*, 653, 655, 741; L. 
expansum, 508, 509*, 591, 646, 
654*; L. Gardineri, 51 1; L. in- 
crustanSy 508, 655; L. lichenoides 
(syn.), 508; L. orbiculatum, 508; 
L. racemusy 591; L. tortuosum, 510 
Lithophytes, 6, 19, 23, 55, 192, 484, 
486, 494, 496, 507, 54«, 552, 558, 
824, 863 

Lithothamnion, 507-10*, 51 1, 591, 
644 et seq.*, 653, 655, 741; L. 
calcareum, 508, 510, 591; L. coral- 
hides (syn.), 591 ; L. crassum (syn.), 
591; L. glaciale, 508; L. Lenor- 
mandiy 648; L. lichenoides, 251, 
508, 509*, 654*; L. membranaceum 
(syn.), 507; L. Miilleri, 509*; L. 
norvegicum, 509*; L. Patena, 508; 
L. polymorphum, 508, 510, 655 
Lithothamnium (syn.), 507 
Litosiphon, loi, 102*, 112, 140, 252; 
L.filiformiSy 10 1, 102*; L/pusillus, 
loi, 102*, 131, 132, 134 et seq.* 
Littoral region, 1-3, 382, 407, 862; 
of Baltic, 3 


Lobospira, 302, 310 
Loefgrenia, 852, 862 
Loefgreniaceae, 862 
Lomentaria, 398, 511, 514, 515, 678- 
9*, 681 et seq., 725, 744; L. articu- 
lata, 2, 512*, 514 et seq.*, 679*; 
L. clavata (syn.), 514; L. clavellosa, 
515, 590, 606, 678, 679*, 682*, 
722; L. compressa, 514; L. kali- 
formis (syn.), 51 1; L. ovalis (syn.), 
514; L. parvula (syn.), 514; L. 
rosea, 605*, 606, 725, 728; L. 
uncinata, 515 

Loose-lying forms, 21 1, 263, 385, 

387-9. 591 

Lophocladia, 550, 716, 746; L. tncho- 
cladosy 550*, 718* 

Lophosiphonia, 566, 746; L. cristata, 
565*; L. obscura, 566 
Lophosiphonieae, 566, 746 
Lophothalia, 549-50*, 746 ; L. tricho- 
clados (syn.), 550; L. verticillata, 
549, 550* 

Lophothalieae, 549-50*, 746 
Loriella, 848, 861 ; L. osteophila, 849* 
Juyngbya, 792, 802, 829-31*, 840, 
842, 861, 869, 878; L. aerugineo- 
coerulea, 782; L. aestuarii, 782, 
862; L, compressa, 863 ; L. contorta, 
832, 833*; L. Hieronymusii (syn.), 
863; L. majuscula, 794*, 796, 830*, 
862, 863 ; L. Martensiana, 867* ; 
L. mucicola, 878; L. nigra, 806; 

L. ochracea, 869; L. Rivulariarum, 
878; L. versicolor, 783 

Macrocysteae, 253 

Macrocystis, 10, 24, 193, 203, 207, 
209-11*, 212*, 231, 232, 234, 235, 
238, 240, 241, 243, 251, 253, 254; 

M. integrifolia, 209, 244; M. pyri- 
fera, 8, 10, 209, 210*, 224*, 228*, 

233*, 244, 249*, 254 

Mangrove-roots, algal flora of, 398, 
486, 531, 548, 549, 552 
Mannitan, 34 
Mannitol, 33, 41 1 

Marchesettia (syn.), 742; M. spongi- 
oides (syn.), 583 

Marginal meristems, 307, 308, 507, 
515, 560, 563 
Marginaria (syn.), 329 
Marginariella, 3, 10, 323, 329, 374, 
381 

Marssoniella, 817, 86 1 ; M. eleganSy 
817* 

Martensia, 12, 540-1*, 543, 594, 
700-1, 716, 722, 746 ; M. denticu- 
lata, 543; M. flabelliformisy 543; 
M. fragiliSy 541*, 543, 700*, 702*, 
715*; M. pavonia, 543 
Masonophycus, 156 
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Mastigocladaceae, 846 
MastigocladuSt 846, 854, 862; M. 

laminosusy 853*, 854, 864 
MastigocoleuSy 852, 861 ; M. testarurriy 
851*, 866 

Mazaea rivularioides (syn.), 852 
Mechanical elements, 21, 22, 185, 
234, 235» 243, 358; 359, 494 
Mechanical features of seaweeds, 22, 
221, 223, 231, 235, 252 
Mediterranean, algal flora, 5, 8, ii; 
Myxophyceae of, 866 ; Phaeo- 
phyceae of, 157, 159, 172, 180, 
253, 263, 302, 323, 334; Rhodo- 
phyceae of, 472, 486, 504, 510, 
520, 569, 576, 583, 585, 666, 725 
Medulla, of Ectocarpales, 67, 72, 76, 
83; of Fucales, 356; of Lamina- 
riales, 226, 227-31*, 235, 236, 238, 
252 

Megasporangia, 121, 123* 

Meiosis, in Bangiales, 415, 435; in 
Cutleriales, 159, 164*; in Des- 
marestkiy 187; in Dictyotales, 31 1- 
12*, 318 ; in diplobiontic Florideae, 
599, 602, 604-7*, 723, 724, 729» 
737; in Ectocarpales, 51, 117, 126, 
130, 1 3 1, 137; in Fucales, 322. 
370, 374; in Laminariales, 246-7*; ' 
in Nemalionales, 415, 599, 623, 
627; in Phaeophyceae generally, 
37» 38, 40; in Sphacelariales, 291; 
in Tilopteridales, 154, 156 
Meiosporangia, 121 et seq.* 
Melanopsammay 24 
Melanoseris crispata (syn.), 563 
Melanthaliay 669, 674, 742 ; M. 
abscissOy 669 

Melobesiay 5, 506-7*, 509, 644 et 
seq.*, 655, 741 ; M, agariciformis 
(syn.), 591; M, callithamnioides 
Falkenb. (syn.), 507 ; M, deformanSy 
583; M. farinosuy 7, 507; M. 
L^olisiiy 506*, 507, 647*; M. 

lichenoides (syn.), 508 ; M. limitatay 
507, 644, 647*, 648; M. mem- 
branacea (syn.), 507; M. poly- 
morpha (syn.), 508 ; M. Solmsiana, 
506*, 507, 654*, 655; M. Thureti 
(syn.), 582 

Melobesieae, 476, 506-11*, 866 
Membranopteray 531, 696, 701, 714, 
746; M. alatOy 531, 532* 534*, 

697* 

Meriblastic branching of Sphace- 
lariales, 277 

Merismopeditty 768, 804, 816, 861; 
M. convolutay 817*; M. eleganSy 
778 ; M, punctatOy 800 
Meristems, see Apical growth, Inter- 
calary growth, Marginal meristems, 
Trichothallic growth 


Meristoderm, 185, 223, 226, 227, 
231, 237, 240, 268, 356 
Meristothecay 741 
Mesochite (of Fucales), 372 
Mesogloeoy 26*, 28, 76, 77-9*, 85, 88, 
89, 1 16*, 1 17, 140; M. Andersonii 
(syn.), 85; M. crassa (syn.), 82; 
M. decipiens (syn.), 90; M. divari- 
cata (syn.), 85; M. Leveilleiy 77, 
78*, 1 36 ; M. vermicularis (syn.), 77 ; 
M. vermiculatOy 77*, 78*, 83*, 120, 
130, 131 ; M. virescens (syn.), 79 
Mesogloeaceae, 76-90*, 93, 130, 139, 

140, 179, 381 

Mesophyllum, 653 
Mesosporoy 65, 140 
Metachromatin, 25, 776, 780; 

-granules of Myxophyceae, 771, 

776-7*, 787 

Microchaetaceae, 861, 878 
Microchaetey 836 - 7 , 861; M. calo- 
thrichoideSy 81 1; M. grisea, 838*, 
862 

Microcladioy 528, 721, 744; M. 

.^andulosay 528, 685 
-MicrocoleuSy 831 , 861, 862, 869; 

M.^thonoplasteSy 830*, 862 
MicrocystiSy 772, 793, 804, 812, 814, 
861, 878; M. aeruginosay 783, 792*, 
814, 815*; M. elabensy 804; M. 
minutOy 782 

Microspongiumy 61, 140 
Microsporangium, 12 1, 123* 
Microthamnion (syn.), 519 
Mihrosyphaty 58, 139; M. Poly- 
siphoniae, 58, 59*; M. Porphyrae, 

58, 59* 

Mitochondria, 25, 26*, 32, 404, 770 
Mitosis, 37, 412, 413 
Mollusca and Algae, 6, 247, 387, 
440, 508, 51 1, 827, 852, 866 
Monopodial branching, 23, 85, 89, 
327, 330, 332, 339, 351, 444, 850 
Monosportty 401, 412, 519, 728, 744; 

M. pedicellata, 726*, 728 
Monosporangia and monospores, of 
Bangiales, 430-1, 432*, 438; of 
Nemalionales, 456, 623-4*, 625, 
738; of other Florideae, 655, 723, 
726*, 728, 736, 738; of Tilopteri- 
dales, 149-51*, 153, 155, 156 
Monostroma, 30*, loi, 424 
Motile cells of Phaeophyceae, 40 
Movements, of Bangiales, 429 et 
seq., 433; of chromatophores, 28, 
404, 584; of Myxophyceae, 800-4, 
813; of reproductive cells of 
Florideae, 597, 602, 604, 624 
Mucilage, of Myxophyceae, 768, 
795-6, 801 ; of Phaeophyceae, 24, 
377; of Rhodophyceae, 399, 400, 
445 
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Mucilage-canals, 238-40* ; -enve- 
lopes of Myxophyceae, 792-6*, 
829 

Multiaxial construction, in Phaeo- 
phyceae, 21, 50, 76, 93; in 

Rhodophyceae, 397, 445, 468- 
79, 494-502, 511-17, 582, 738- 
40 

Murrayellay 549, 746 ; M. periclados, 
549 

Mychodea, 486, 669, 742 ; M. foliosay 
675*; M. ramulosay 483*; M. 
terminaliSy 670* 

Mychodeaceae, 742 
Mycosphaerella PelvetiaCy 327 
MyelophycuSy 112, 140 
Myoxanthin, 781 
Myriactis (syn.), 72 
Myriactula, 72 et seq.*, 118, 140; 
M. pulvinatay 73, 74*; M. stellu- 
latQy 73, 74* 

Myriocladiay 77, 79, 140; M. Loveniiy 
78*, 79; M. Sciurus (syn.), 85 
Myriodesma, 323, 368, 381 
Myriogloeay 52, 85, 89, 140, 179; 

M. Sciurus y 85, 88*, 13 1 
Myriogrammey 536, 580, 746 
Myrionemay 60-2*, 140; M. aecidi- 
oidesy 60, 61, 62*; M. patagonicuniy 
61 ; M. siliquosuniy 61; M. strangu- 
lansy 60 et seq.*, 124, 13 1, 136; 

M. vulgare (syn.), 60 
Myrionemataceae, 27, 50, 52, 60-7*, 

71, 76, 118, 130, 139, 140 
Myriotrichiay 105-7*, Ho; adri- 
aticUy 134; M. clavaeformisy 105, 
106*, 107, 13 1 ; M.filiformiSy 106*, 
124; M. repens y 106*, 107, 13 1, 
134, 136; M. Protasperococcus 

(syn.), 107 

Myxohyellay 827, 861; M. endo- 

phyticUy 827 

Myxophyceae, 405, 407, 416, 429, 
437, 504, 738, 768-898; cell- 

membrane, 787-91 ; cell-structure, 
770-81; chromatic adaptation, 
783-6; classification, 769-70, 861- 
2; ecology and physiology, 862- 
78; general morphology, 813-56; 
heterocysts, 796-800; movements, 
800-4 ; mucilage-envelopes and 
sheaths, 792-6 ; photosynthetic 
products, 786-7 ; pigments, 781-3; 
reproduction, 804-13 
Myxorhodin, 781 
MyxosarcinOy 826, 861 

Naccariay 479 - 8 o, 616-17*, 630, 738 ; 

N, Wigghiiy 479, 481*, 617* 
Naccariaceae, 630, 738; reproduc- 
tion, 616-17*, 622, 623 ; vegetative 
structure, 402, 457-9*, 479^80 


Nannocyte-formation in Myxophy- 
ceae, 812, 819 
Necridia, 806 
Neeveay 427, 438 

NemacystuSy 85, 90-1*, 140; AT. de- 
ctpiens, 90; N. divaricatus (syn.), 
120; N. flexuosuSy 90, 91*, 136; 
N. ramulosus (syn.), 90 
Nemaliony 402, 413, 444, 445, 468-9*, 
592, 594, 597, 599, 612, 614, 616, 
623, 624, 626, 740; AT. helmin^ 
thoidesy 468, 612; N. lubricum 

(syn.), 468; N. multifidumy 468*, 
469, 598*, 612, 615*, 623; N. 
purpureum (syn.), 469 
Nemalionales, 416, 437, 438, 556, 
607, 630; classification, 737-40; 
life-cycle, 623-7, 73^; reproduc- 
tion, 415, 592, 593, 599, 601, 
608-28*, 724, 737; vegetative 

structure, 50, 397, 402, 412, 413, 
445, 449, 450-7*, 463-^2*, 479- 
82*, 502, 608 
Nemalionopsis, 738 
Nemastomay 496, 657, 674, 74t; N. 
Bairdii (syn.), 469; N. canariensisy 
496; N, marginifera (syn.), 657 
Nemastomaceae, 741 ; reproduction, 
bS7; vegetative structure, 469, 
49b 

Nemastomales, 415 
Nemathecia, 642, 652-3, 670, 674, 
675’*^, 732-6* 

NematonostoCy 836 
Nematophycus (syn.), 42 
Nematophyton (syn.), 42 
Nematoradaisiay 824 
Nemodermay 63, 124-5*, 127, -130, 
140; N, tingitanUy 125* 

Neomeris annulatUy 12 
Neomonospora, 728 
Neoplatylobiunty 334 
Nephroselmidaceae, 20 
Nereitty 28, 172, 173 et seq.*; N. 

filiformiSy ii, 172 et seq.*, 178* 
NereocystiSy 25, 29, 33, 34, 193, 

207-8*, 21 1, 221, 232, 235, 237, 
238, 240, 241, 243, 253, 254; 
N. gigantea (syn.), 21 1; N. Luet- 
keanuy 208*, 233* 

NereoginkgOy 502, 740; N. adianti- 
foHUy 503* 

Net-formation among Florideae, 539, 
574 

Neurocarpus (syn.), 302 
NeurocauloHy 502, 741 ; AT. reniformcy 
502 

Neutral spores (of Bangiales), 430 
New Zealand, seaweeds of, lo, 302, 
323, 382, 560 

Nitophylleae, 529, 534“9» 54®, 580, 
694, 699-701, 716, 729, 746 
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Nitophyllum, 445, 536, 538, 584, 
585*, 700-1*, 716, 722, 73^3, 746; 
N. Bonnemaisoniiy 536; N. Gmelini 
(syn.), 536; N, laceratum (syn.), 
536; N. punctatum, 536, 537*, 590, 
606, 699*, 700*, 7i5*» 716, 7353» 
726*; N. reptans (syn.), 536; N. 
uncinatum (syn.), 536 ; iV. versicolor y 

536 

Nitrates in seaweeds, 34, 411 
Nitrogen-chlorosis (in Myxophy- 
ceae), 782-3; -fixation, 871-2, 


874-5 

Nitrogen-metabolism of seaweeds. 


34, 41 1 

Noaularioy *35. 861 ; N. sphaero- 
carpOy 834*; N, tenuisy 834^ 

Nori, 427 

North America, algal flora, 3, 9; 
Phaeophyceae of, 52, 148, 172, 
180, 253-4; Rhodophyceae of, 
466, 483, 494, 502, 517, 522, 531, 


552, 574, 740, 744 

Nostocy 774, 793, 795 et seq., 803, 
807, 808, 81 1, 035-6, 86 1, 865, 

870, 872, 874, 875, 877; N. com- 
mune, 774, 782, 797*, 805*, 836, 
865; N. cuticulare, 870; N. ellipso- 
sporumy 798; N. flagellifotmey 836; 
N. insularcy 799; N. Linckia, 774*, 
834*, 836; N. pruntforme, 835; 
N. punctiformCy 805*, 806, 808, 

871, 873*, 874; iV. Zetterstedtiiy 
836 

Nostocaceae, 783, 790, 792, 793, 

795, 798, 800, 806 et seq., 813, 
832, 834-7*, 861, 871, 872, 874 

Nostocales, 770, 788, 790, 791, 793, 

796, 804, 829-47*, 859, 861 
Nostochopsidaceae, 850-2*, 856, 861 
Nostochopsisy 850-2*, 861, 863; N. 

Hansgirgiy 852; N. lobatuSy 851*, 
852 

Notheiuy 323, 344, 354, 358, 365, 368, 
370, 374, 379, 382; N, anomahy 


345*, 355*, 367*, 375* 
NothocladuSy 610, 737-9* ; N, nodosusy 
739*; tasmanicusy 739* 


Nucleus and nuclear division, in 


Phaeophyceae, 32, 35-7*; in Rho- 
dophyceae, 412 et seq.* 
Nullipores, 510, 51 1 
Nutrition of Myxophyceae, 870-2 
Nutritive cells of Florideae, 601, 614, 
616, 619, 622, 628, 635, 639, 660, 
664 


Octospores of Bangiales, 434 
Odonthaliay 554, 558, 560, 706, 709, 
717, 746; O. dentatUy 553*, 554, 
706*, 718* 

Oicomonasy 878; O. syncyanoticoy 

877* 

Olpidiumy 24 

Omphalophyllumy loi, 140, 424; O. 
ulvaceumy 100* 

Oncohyrsoy 822, 824, 858, 861; O. 

rivularisy 825* 

Ooblastema filaments, 601 
Oogamy, 38, 171, 313-16, 369 et 
seq., 413, 591-9 

Oogonia, of Desmarestia, 187; of 
Dictyotales, 313-15*; of Fucales, 
369-74*; of Laminariales, 250, 

251 

Oolites and Myxophyceae, 859, 869 
Open nucleus, 780 
OphidocladuSy 566, 746; O. simpli- 
ciusculay 565*, 566 
Opuntiellay 4^, 660, 741 ; O. cali- 
fornicOy 496, 662* 

OscillatoriGy 772, 779*, 781, 783, 788 
et seq.*, 794*, 800 et seq., 806, 
807, 829-31*, 860, 861, 864, 870, 
871, 874, 878; O. Agardhii, 829; 
O. amoena, 782; O. amphibiay 803, 
804; O. amphigranulata, 775; O. 
angutnOy 805*; O. angustOy 871; 
O. BonnemaisoniaCy 862 ; O. Bornetiy 
772, 774*; O. hrevisy 805*; O. 
chlorinay 863; O. Cortiana, 782; 
O. formosoy 782, 803 ; O. irriguOy 
830*; O. jenensiSy 802, 803; O. 
Lauterhorneiy 774, 863; O. limosa, 
782, 830*; O. princepSy 771; O. 
probosctdeoy 830*; O. sanctUy 783, 
790, 794*, 803; O. splendiduy 801, 
803, 830*; O. tenuiSy 777*, 779*, 
782, 830* 

Oscillatoriaceae, 769, 772, 774, 783, 
784. 79S. 796. 813, 829-3**, 835, 
837, 844, 858 et seq.; hormogonia, 
806; movements, 800-4 
Oscillospiroy 871 

Osmotic pressure, in Myxophyceae, 
771; in Phaeophyceae, 25; in 
Rhodophyceae, 402 
Osmundarioy 570-1, 747 ; O. proliferay 

571 

Ostreobium Queketii, 440 
Oxalates, 34, 41 1 
Oxidases, 35, 587 
Ozothallia constricta (syn.), 329 


Ocean currents and distribution of 
seaweeds, 8, 13 

Oceanic islands, seaweed vegetation 
of, 9, II, 12 

Ocrea of Myxophyceae, 795 


Pachymenuiy 740 

Pacific, algal flora, 9, 10, 12; Phaeo- 
phyceae of, 52, 172, 180, 253-4, 
323; Rhodophyceae of, 483, 502, 
583, 740, 741, 744 
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Padina, 12, 25, 302, 305-7*» 308, 
311, 312, 3I3» 315, 317, 318; 
P. gymnospora, 306*, 312; P. 
paconiat 26*, 302, 305-7*, 311 et 
seq.*, 315, 318, 319; A Sanctae 
Crticis, 306*, 307, 312; P. vane- 
318; P. Vickersiaet 306* 
Palmelloid Myxophyceae, 769, 814- 
i5*; 'Phaeophyceae, 20 
Pantoneura, 529, 746 
Paracapsa^ 819, 861, 869 
Parallelism, 42, 77, 445 
Paraphyses, 67, 103, iii, 139, 173, 
244, 312*, 368, 374» 648, 655 
Paraplectonema (syn.)» 844 
Parasitism, in Phaeophyceae, 24, 32, 
58; in Rhodophyceae, 548, 578^3 
Parasporangia, 731 
Paraspores of Ceramiaceae, 726* 
Parenchymatous construction, 21, 22, 
50, 260, 397 

Parthenogenesis, 166, 251, 316, 318, 
379 , 657, 725 

PauUnella^ 876; P. cnromatophora^ 
877* 

Pearl Moss (Chondrus crispus)^ 497 
Pectic substances, 24, 399, 4^3, 447, 
788, 795, 796 

Pelagophycusy 207, 211, 212, 247, 253, 
254 

Peliaina^ 876-7; P. cyaneay 877* 
PetodictyoTiy 860, 861; P. clathrati- 

formcy 857* 

Pelvetia, 34, 323, 326-7, 330, 349, 
351, 358, 361, 362, 369, 370, 376, 
381; P, canaliculatOy 2, 35, 325*, 
326, 357*, 358, 361*, 366, 369 et 
seq.*, 382; salt-marsh forms of, 
33, P.fastigiatay 327, 347, 

349, 303, 364*, 370, 374, 375* 
Pelvetiopsisy 327, 37*, 381 
Pentapeptides, 41 1 
Pentosans, 795 
Pentoses, 33, 400 

Perennials and perennation, 5 ; among 
Phaeophyceae, 63, 65, 159, 180, 
193 et seq., 260, 279, 3*6, 337; 
among Rhodophyceae,^ 398, 461, 
478, 484, 487, 494, 497, 499, 533, 
546, 554, 558 

Pericentral cells, of Dasyaceae, 572, 
574; of Delesseriaceae, 529, 539; 
of Florideae generally, 446, 479, 
483, 484, 525, 528; of Rhodome- 
laceae, 5*7, 544 , 545, 55*; of 
Stigonemay 856-7* 

Pericysts of Spnacelariales, 268, 270, 

271, 274 

Periodicity in reproduction, 124, 313, 
316-17, 377; see also Seasonal 
dtemation 
Pmphykorit 563, 746 


Perithaliay 171 

Perithallium of Corallinaceae, 508 
et seq. 

Peroxidases, 35, 587 
Petalonemoy 793, 844, 861 ; P. alatum, 
794* ; P. crustaceunty 868 
Petaloniay 28, 30*, 103, 104*, 137, 
138, 140; P. debtlisy i3y;P, Fascuiy 
27, 29, 103, 104*, 137; -P- zosteri- 

foliay 137 

PetroceliSy 502-4*, 641, 642, 652, 
741 ; P. cruentay 504; P. Hennedyi, 
503*, 504, 641*, 642, 725 
Petrodermay 63, 140; P. maculiforme, 

64* 

Petrospongium (syn.), 76; P. Berkleyi 
(syn.), 76 . - 

Peyssonneluly 400, 502-4*, 505, 642- 
4* 652, 655, 741 ; P- Dubyiy 503*, 
603*, 643*, 654*; P. polymorphtty 
504, 591; P. rubruy 504; P. 

squamariay 503*, 504 
PhacelocarpuSy 742 

Phaeocystis Giraudiiy 20 ; P.globosa^ 20 
Phaeoglossuniy 254 

Phaeophyceae, 4, 12, 19-396, 398, 
408, 409, 736, 738; classification, 
4 X, 138, 139; cell-structure, 24- 
31; chromatophores, 26-28*; nu- 
cleus, 35-7*; photosynthetic pro- 
ducts, 33-4; pigments, 29-30; 
reproduction, general features of, 
37-40 

Phaeophycean starch, 28 
Phaeophyll, 29 
Phaeophyta, 42, 398 
Phaeosacciotty loi, 140; P. Collinsii, 
100* 

Phaeosporeae, 

Phaeostromay 58, 139; P. aequahy 58 
PhaeumSy 180, 182, 186 
Phanerophytes, 5 

Phenotypic sex-determination, i2i 
Phloeocauloriy 262, 26J, 265, 268, 273 
et seq., 279, 289, *9i, 293, 300; 
P. foecundum, 261*, 265, 267*, 
270, 289, 290*; P. spectabilcy 290*; 
P. squamulosumy 263, 270 
Phloeosporay 27, 97, 98*, i39, 140; 
P. hrachiatay 97, 98*, 120, 130, 
1 3 1, 134, 135*; A subarticulata 
(syn.), 1 19 
Phloroglucin, 32 

Phormidiunty 774, 785*, 79*, 795, 
802, 831, 861 et seq., 868, 872; 
P. ambtguumy 774*; P- autumnaley 
796; P. Ectocar^y 782; P.favosunty 
777* t 779*9 P- laminosumy 864; 
P. luriduniy 782 ; P. mucicoUiy 878 ; 
P. persicinufity 782 ; P. RetzUy 777*9 
867*; P. tenuey 783, 862; P. wna- 
natumy 779*, 782, 830* 
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Phosphates in seaweeds, 34 
Photosynthesis, i et seq., 7; in 
Myxophyceae, 783, 785, 786, 869; 
in Phaeophyceae, 19, 29-31, 33, 
383; in Rhodophyceae, .407-9, 
41 1 

Photosynthetic products, of Myxo- 
phyceae, 786-7; of Phaeophyceae, 
33-4; of Rhodophyceae, 409-12 
Phototaxis, 118, 120, 247, 379, 803, 
876 

Phototropism, 225, 804, 865 
Phragmonema, 427, 438; P. sordidum, 
428«' 

Phycochromophyceae, 768; see also 
Myxophyceae 

Phycocoelis (syn.), 60; P. aecidioides 
(syn.), 60; P. maculans (syn.), 

60 

Phycocyanin, of Myxophyceae, 781- 
2, 784; of Rhodophyceae, 405 et 
seq.* 423. 437 

Phycodrys, 529, 534-^*» 538, 698- 
700*, 701, 716, 722, 746; P. rubenSy 
S34^ 535*, 698*, 699* 702*, 715*, 
716; P. sinuosa (syn.), 534 
Phycoerythrin, of Myxophyceae, 
406*, 781-2; of Rhodophyceae, 
405 et seq.*, 423, 437 
Phycophaein, 29 

Phycoxanthin, 29; of Myxophyceae, 
781 

Phyllaria, 202, 253; P. renifonnis, 
202, 251, 253 

Phyllitis (syn.), 103, 140; P. caespi-^ 
tosa (syn.), 103; P. Fascia (syn.), 
103 

Phyllogigasy 216, 253, 254 
Phyllophora, 404, 410, 496-7, 591, 
670, 672-3*, 674, 731-3*, 744; 
P. Brodiaei, 8, 496 et seq.*, 578, 
731-3*, 736; P. epiphylla, ii, 496, 
497, 670, 674; P. membranifolia, 
403*, 496 et seq.*, 597, 670, 673 
et seq.*, 731; P. nervosa, ii, 405, 
497; P. rubens (syn.), 496 
Phyllophoraceae, 744; reproduction, 
670-4, 731-6*; vegetative struc- 
ture, 449, 496-7, 578 
Phyllospora, 323, 329, 369, 370, 
374. 376, 381: P. comosa, 329, 
330 * 

Phylloxanthin, 29 
Phymatolithon, 653, 741 
Physematoplea attenuata (syn.), 114 
Phystna cyathodes^ 875 
Physodes, 31 ; see Fucosan- vesicles 
Pigments, of Myxophyceae, 781-3; 
of Phaeophyceae, 29, 30; of 

Rhodophyceae, 405-7 
Pikea, 740 

Pit-connections, of Florideae,446-Q*, 


478 ; of Myxophyceae, 779*, 789*, 
791, 848, 856 

Pits, of Dictyota, 304; of Florideae, 
397, 446; of Fucales, 356, 358; of 
Laminariales, 227, 232 
Placoma, 818-19*, 861 ; P. vesiculosa, 
818* 

Placophora, 563, 564, 705, 707, 717, 
746; P. Binderi, 563, 564* 
Placynthium nigrum, 875 
Plagioblastic branching of Sphace- 
lariales, 277 
Plagiospora (syj^*), 644 
Planktonic Myxophyceae, 769, 772 
et seq., 784, 814, 816, 829, 832, 
835, 862, 863 
Planococci, 806, 849 
Plasmodesmae, of Florideae, 447, 
484, 604; of Fucales, 360; of 
Laminariales, 232, 233* 
Plasmolysis, in Myxophyceae, 771, 
788; in Phaeophyceae, 25; in 
Rhodophyceae, 399, 401, 447 
Plastomeres, 376 

Platoma, 445, 469, 601, 657, 674, 
725, 741; P. Bairdii, 469, 470*, 
600*, 657, 658*; P. marginifera, 
469, 657; P. Pikeana, 657 
Platylobium, 334, 369, 382; P. Mer- 
tensii, 334 

Platysiphonia, 721-2, 746 ; P. miniata, 
721* 

Platythalia, 334, 339, 382; P. querci- 
folia, 334, 335* 

Platythamnion, 522, 588, 685, 691; 
P. villosum, 685 

Plectonema, 784, 842-4*, 861; P. 
Batter sii, 843*; P. terebrans, 866; 
P. Toniasinianum, 843* 
Pleonosporium, 519, 729, 744 
Plethysmothalli, 91*, 132, 134 et seq.* 
Pleurocapsa, 81 1, 822, 824, 858, 861; 
P, fuliginosa, 866; P. minor, 810*, 
824, 825*, 827 
Pleurocapsaceae, 824, 861 
Pleurocapsales, 769, 770, 788, 791, 
804, 81 1, 812, 822, 824-9*, 848, 
858, 86i, 863 

Pleurocladia, 19, 139; P. lacustris, 55, 
56* I 16* 

Pleurophycus, 197, 238, 250, 253 
Pleurostichidium, 578 
Plocamiaceae, 742 ; reproduction, 
666-7*, 674; vegetative features, 

492 - 3 * 

Plocamium, 412, 492-3*, 666-7*, 
674, 742; P. coccineum, 9, 492, 
493*, .585, 593*, 667*, 675*; 
P. pacificum, 492 

Plumaria, 5*3-5*, 694, 722, 729-31*, 
744; P- elegans, 450, 5*3, 5*4*, 
689, 729, 730*. 731 
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Plurilocular sporangia, 38; of Cut- 
leriales, 161-3*; of Ectocarpales, 
51, 97, 116* 118, 119, 131, 132, 
137; of Sphacelariales, 289, 291, 
293; of Tilopteridales, 15 1-3* 
Poecilothamnion (syn.), 518; P. seiro- 
spermum (syn.), 519 
Pogotrichum filiforme (syn.), loi 
Polarity, 22, 279, 317, 346, 590, 
769, 816, 819 

Pollexfenia, 561-3*, 705, 717, 720, 
746; P. crispata, 563, 717; P. 
pedicellata, 561 et seq.*, 717 
Polycoryne, 580, 746 
PolyideSy 400, 404, 412, 478, 590, 
591, 642, 652, 741; P. rotundusy 
477*, 478, 642, 643* 
Polymorphism, 820, 844, 854, 870 
PolyneurOy $36, 694, 700, 701, 716, 
746; P. Gmeliniy 536, 700*, 702*; 
P. HilliaCy 699*, 702* ; P. latissimay 
537 ^ 

Polyphacum proliferum (syn.), 571 
Polyploidy, 372 
Polysaccharides, 33, 409 
PolysiphonUiy 404, 407, 41 1, 413, 449, 
542-8*, ss6, 597, 604, 703-5*, 
707-8*, 717, 722, 746, 856; P. 
atrorubescens (syn.), 548; P, Bro- 
diaeiy 542*, 545, 546, 548, 717; 
P. byssoides (syn.), 548 ; P. decipienSy 
545, 703; P* dendritica (syn.), 548; 
P. elongatay 544 et seq.*; P. fasti- 
giatay 32, 542*, 545 et seq.*, 548, 
578, 581, 596; P. furcellatay 591; 
P. hypnoides (syn.), 566; P. hystrixy 
548; P. lophoclados (syn.), 550; 
P. nigray 548; P. nigrescensy 405, 
542*, 545, 546, 548, 704*, 708*, 
717, 718*, 725; P. obscura (syn.), 
566; P. parasitica (syn.), 560; P. 
simpliciuscula (syn.), 566 ; P. spiralis y 

f 42*, 548; P. (syn.), 560; 

*. urceolatay 545 et seq.*, 578, 723 ; 
P. variegatay 542*, 548 ; P. violaceay 
414*, 448*, S4a*. S44 et seq., 548, 
593*. S9S*. 598*, 605*, 704*. 
708*, 717, 718*, 723, 727; P. 
virgata, 582 

Polysiphonieae, 543-9, 746 
Polyspores of Florideae, 625, 729- 

31* 

Polystichous Ectocarpales, 60, 96- 
“7, 139, 140, 260, 299, 380, 381 
Polystrata (syn.), 503 
Polyzoa and Myxophyceae, 878 
PolyzonuLy 560-7, 568, 747; P. 

eleganSy 564*, 567 ; P. incisa (syn.), 
566; P. Sonderi (syn.), 566 
Polyzonieae, 564-8*, 747 
Porolithoriy 510, 741; P. craspediuniy 
511 ; P. oncodesy 51 1 


Porphyray i, 7, 397, 407, 412, 4*^, 
431, 433-4, 435, 437, 438; P. 
atropurpureay 427, 432*, 433; P- 
Boryana (syn.), 423; P. capensis, 
3; P. coccinea (syn.), 424; P. 
laciniatay 409, 427, 432*, 436*; 
P. leucosticta (syn.), 427; P. 

linearis y 427 ; P. natadunty 426 ; 
P. perforatay 3, 427; P. teneray 427, 
432 et seq.*; P. umhilicalisy 2, 425*, 
427, 432* 434, 435; P. vulgaris 
(syn.), 427 

Porphyridiaceae, 423, 427-30*, 437, 
438 

Porphyridiunty 423, 427. 430, 431, 
438; P. aerugineunty 430; P. cruen- 
tuTHy 427, 428*, 430, 431, 437; 
P. marinunty 430, 437 
Porphyropsisy 424, 431, 438; P. coc- 
cineay 424, 432* 

PorphyrosiphoHy 832, 861; P. iVo- 
tarisiiy 832, 833*, 865 
Postelsiay 204, 206*, 207, 241, 253, 
254; P. palmaeformiSy 204, 206* 
Prasiohy 2; P. stipitatay 2 
Prasiolaceae, 96, 416, 437 
PrionitiSy 740; P. lanceolatay 635, 
636* 

Procarp of Florideae, 413, 601, 628, 
633, 646, 669, 674, 694, 701, 703, 


709 

Productivity in the sea, 6 
Products of photosynthesis, see 
Photosynthetic products 
Proembryo of Sporochnales, 174, 177 
Proliferation, 118, 289, 431, 596, 602, 
604, 624 

Propagules, of Florideae, 591, 628, 
655; of Sphacelariay 279, 283-5* 
Prospory, 725 

Prostrate system, see Attachment 
systems. Early development 
Protasperococcusy i^, 134, 140; 

P. myriotrichiformiSy 131, 136 
ProterendothriXy 829, 861; P. scole- 
coideay 833* 

Prothallus, see Gametophytes 
Protoflorideae, 438 
Protonema of Ectocarpales, 1 32, 1 34 
Protoplast, of Myxophyceae, 770-2; 
of Phaeophyceae, 25; of Rhodo- 
phyceae, 401-2 
PrototaxiteSy 42 
Prototilopteris (syn.), 55 
Pseudanabaenay 835, 861 
Pseudochantransiay 456 
Pseudolaterals of Dasyaceae, 572 
Pseudolithodermay 66 
Pseudoncobyrsay 818-19*, 861; P. 

fluminensisy 8i8*, 819 
Pseudo-parenchymatous construc- 
tion, 21,22, 76 et seq., 176, 397, 446 
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Pseudo-vacuoles of Myxophyceae, 
772-S*» 800, 863 
Pseudovagina, 813, 822 
Pterocaulon (syn.), 382 
Pterocladia, 461, 462, 630, 740; 

P. capillacea^ 400, 463* 

Pteroniay 549, 746 

Pterosiphonia, 558-60, 563, 706, 746; 
P. complanata, 559; P. parasiticOy 
560, 562* 

Pterosiphonieae, 558-63*, 746 
Pterota densa (syn.), 525 ; P. plumosa 
(syn.), 525 

Pterothamnion (syn.), 522 
Pterygophora, 215, 232, 235, 238, 243, 
244, 247, 250, 251, 253, 254; P. 
calif ornicay 216* 

Ptilocladiay 744-5 

PtilopogoHy 262, 263, 265, 268, 270, 
274, 275> 289, 291, 293, 300; P. 
botryocladuSy 290* 

Ptilota, 523, 525, 689, 691, 694, 712, 
725, 744; P. densa, 525; P. elegans 
(syn.), 523; P- Harveyiy 524*, 525; 
P. pectinata, 525 ; P. plumosay 403*, 
524* 52s, 689, 692* 712; P. 

sericea (syn.), 523 ; P serrata (syn.), 
525, 689 

Ptilothamniony 520, 691, 744; P. 
plumay 520 

Pulvinaria algicola, 20 
Pulvinulariay 848, 858, 861; P. 

suecicay 849* 

Pulvinulariaceae, 861, 863 
Punctaria, 21, 50, 52, 98-100*, 120, 
140, 397; P. latifolia, 98 et seq.*, 
1 31, 136; P. plantagineay 131 
Punctariaceae, 23, 97-'i03*, 107, 

1 14, 130, 139, 140 
Punctariales, 138, 139 
Pycnophycus (syn.), 332, 382; P. 

tuberculatus (syn.), 332 
Pylaiellay 52, 55, 117, 118, 126, 129, 
139 ; P.fulvescensy 26*, 27, 55, 118; 
P. littoralisy 26*, 29, 36*, 39*, 53*, 
55, 1 16*, 129; P. Postelsiasy 55; 
P. rupincola, 6, 55, 129, 137 
Pyrenoids, of Phaeophyceae, 26*, 28, 
149 ;ofRhodophyceae,402,4io, 423 

Radaisiay 81 1, 822,^24, 861; R. 

Gomontianay 826* 

Radaisiellay 824 

Ralfsiay 23, 52, 63-5*, 140; R. 

clavatGy 64*, 130; P. ovatay 66; 
R. verrucosay 63 et seq.* 
Raphidiopsis, 837, 861; R, curvatay 
838* 

Receptacles of Fucales, 324, 329, 331, 

383 

Red Algae, see Rhodophyceae 
Red-coloured Myxophyceae, 784 


Reduction divisions, see Meiosis 
Regeneration, 13, 54, 241, 250, 277, 

279, 327, 351, 590 

Reinboldiellay 528, 744, 745 
Relative sexuality, 121 
Renfrewia parvula (syn.), 196 
Respiration, i, 2, 4, 7, 8, 19, 186, 

243. 360. 383, SSI 

Resting spores of Myxophyceae, 807 
et seq. ; see also Akinetes 
Rhabdinocladia (syn.), 100 
Rhabdodernuiy 815-16, 861 
Rhabdoniay 660, 741-2; R. Coulteri 
(syn.), 494; R. ramosissima (syn.), 
494; R. tenera (syn.), 494; R. 
verticillatay 743* 

Rhabdoniaceae, 741-2; reproduc- 
tion, 660, 662*; vegetative struc- 
ture, 486 

Rhizoids, 22, 149, 176, 225, 270, 
279, 307, 346, 457, 588, 590 
Rhizophyllidaceae, 741 ; reproduc- 
tion, 642-3*, 652 ; vegetative struc- 
ture, 478, 505* 

RhizophylliSy 505, 642, 652, 741 ; 

R. Squamariae, 505* 

Rhizopogonkiy 740 
Rhizosolenia, 877*, 878 
Rhodochaete, 440; R. pulchella, 439* 
RhodochortOHy 402, 450, 452*, 453, 
590, 625, 737; R. chantransiotdes 
(syn.), 625; R. floridulunty 452*, 
453; R. islandicunty 453; R. mem- 
branaceumy 453, 626*; R. penicillin 
formCy 625, 626*; R. Rothiiy 4, 71, 
452*, 453^ 

RhododermiSy 504, 741 ; R. Georgiiy 
504-5*; P. Vanheiirckii (syn.), 504 
Rhodoglossumy 672 

Rhodomela, 552-4*, 7oi, 7oS, 7o7, 
709, 717, 722, 746; P. crassicaulisy 
407; P. dentata (syn.), 554; P. 
subfusca, 405, 448*, 449, 552, 581, 
605*, 708*, 709, 725; P. virgatOy 
414*, 552, 553*, 593*, 605*, 606, 
706* 718* 

Rhodomelaceae, 10, 13,405, 517, 576, 
578, 720 et seq. ; classification, 
746-7; reproduction, 701, 703-9*, 
716-19* ; vegetative structure, 446, 
449, 543-72*, 590, 720 
Rhodomeleae, 552-4*, 746 
RhodomonaSy 398 
Rhoddpeltis Geyleri (syn.), 563 
Rhodophyceae, 4, 12, 319, 397-7^7, 
860; classification, 415-16; cell- 
structure, 399-404, 412, 413 ; chro- 
matophores, 402-5*; life-cycle^ 
415; photosynthetic products, 409- 
12 pigments, 405-7 ; reproduction, 
413, 41 5, 430-5*, 591-^37*; vege- 
tative structure. 423-30, 444-591 
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Rhodophyllidaceae, 742; reproduc- 
tion, 663-6*'; vegetative structure, 
484-6*, 489-92* 

KhodophylliSy 489-91*, 663-4, 74^; 
R. bifiday 9, 489*, 491*; 492, 663, 
66s* 666, 675* 

Rhodophysema Georgii (syn.), 504 
Rhodophyta, 398 
Rhodospermin, 406 
Rhodosporoy 430, 438; R. sordidoy 

403*, 428* 

Rhodymeniay 192*, 515-17*, 590, 
677, 722, 7^; R. bifida (syn.), 
489; R. ciliata (syn.), 490; R. 
cristata (syn.), 501 ; R. jubata 
(syn.), 490; JR. laciniata (syn.), 
634; R- palmatay 97, 407, 408, 41 1, 
449, 512*, 515--17*, 584, 606, 677, 
683, 725; R. pertusay 517, 676*, 

677*, 682* 

Rhodymeniaceae, 514, 744; repro- 
duction, 677-8*, 682-3*; vegeta- 
tive structure, 515-17* 
Rhodymeniales, 416, 584, 722; classi- 
fication, 744; reproduction, 592, 
602, 603, 674, 676-83*; vegetative 
structure, 412, 445, 502, 511-17*, 
608 

RicardiOy 578-80*, 705, 708, 717, 
746; R. Montagneiy 578, 579*; 
R. saccata, 578, 579* 

Richeliay 861, 877-8; R. intracellu- 
lariSy 877* 

Rissoellay 5, 399, 666, 741 ; R. verrucu^ 
losCy 13, 664* 

Rissoellaceae, 741 

Rivulariay 840-1*, 861, 863, 868; 
R. atray 2, 862; R. Biasolettianay 
840, 841*; R. bullatay 786, 840, 
878; R. dura, 840; R. haematiteSy 
840, 841*; R. minutulay 841*; 
R. poly Otis y 840, 841* 
Rivulariaceae, 772, 790, 792, 795 et 
seq., 806, 807, 837-41*, 861, 862 
Rock-pools, algal vegetation of, 3 
Rosariay 854. 862; R, ramosay 853* 
Rosenvingea stellata (syn.), 1 1 1 
Rotifers and Algae, 878 
Rytiphloeay 569 - 70 » 572, 747; R, 
complanata (syn.), 560; R, pina~ 
strmdes (syn.), 569; R. tinctoriay 

569, 571*, 591 

Saccorhizay 28, 32, 128, 129, 192, 
200-«*, 229, 236 et seq., 243, 247, 
253, 380; S. bulbosQy 39*, 200, 
202*, 224 et seq.*, 230*, 235, 236, 
243 et seq.*, 248, 249*, 251, 253, 
281; S, dermatodeay 10, 202*, 235, 
244, 253 

Sacheriay 464, 465, 612 
Salines, algal flora of, 862 


Salinity-changes, effects on seaweeds, 
2, 6-7, 383, 401, 405, 426, 862 
Salt-marshes, Algae of, 398, 486, 
552, 769, 862; Fucaceae of, 383-7* 
Sapropelic Myxophyceae, 774, 781, 
861, 863 

Saprophytism, 578, 769 
Sarcina giganteay 860 
Sarcodiotkecay 741; S./urcata, 743* 
Sarcomeniay 721-2, 746; S. delesse- 
rioideSy 722; S. filamentosa (syn.), 
722; S. miniata (syn.), 721 
Sarcomenieae, 721-2, 746 
Sarcophycus (syn.), 346, 382 
Sarcophyllis edulis (syn.), 490 
Sargassaceae, 339-44*, 346, 382 ; 
reproduction, 363, 365; vegetative 
structure, 339-44*, 353, 354, 358 
Sargasso Sea, 388 

Sargassumy 5, 9, 10, 19, 23, 323, 
339-43*» 353-4*> 360, 362, 366, 

368, 369, 372, 374, 378, 381, 382, 
388; S. bacciferum (syn.), 339, 
388; S. enervcy 340*, 341; S. Fili~ 
pendulay 358, 364*, 366, 367*, 

369, 388; S. Horneriy 369, 373*, 

374; S, Hornschuchiiy 339; S. 
hystrixy 388; S. linifoliumy 34, 
339> 340*, 353> 354*» 367*; S. 
longifoliuniy 340*, 341 ; S. natanSy 
339> 388; S. patensy 341; S. 

Peroniiy 340*, 341 ; S. Vachelli- 
anuniy 340*; S. vulgarCy 342*, 
388 

Scaberia, 323, 329, 381 
Scaphospora (syn.), 153; S. arctica 
(syn.), 153; S. Kingii (syn.), 148; 
S. speciosa (syn.), 152*, 153 
Schimmelmanniay 457, 632, 740; S. 
ornatGy 631* 

Schizomycetes, 860; see also Bac- 
teria 

Schizophyceae, 768, 860; see also 
Myxophyceae 
Schizophycose, 796 
Schizophyta, 860 

Schizothrixy 795, 831-2, 861, 863, 
868 ; S. coriaceoy 832 ; S. Cresswelliiy 
832; S. fasciculatay 867*, 868; 
S, fragilisy 832; S. lacustrisy 832; 
S. Lamyiy 830*; S. MUlleriy 777*; 
S, pulvinatay 867* 

Schizymeniay 496, 657, 741 ; S. 

Dubyiy 496 ; S, pacifica, 496, 
658* 

SchmitziellGy 644 

ScinaiGy 12, 402, 413, 471, 620-1*, 
622, 623, 624, 740; S. furcellatay 
471, 472* 585, 593^ 620, 621* 
624*; S, subcostatGy 471 
Scopulonemay 824, 827, 861; S, 
Hansgirgianuniy 828* 
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Scytonema^ 772, 778, 796, 797, 806, 
807, 842-4*, 861, 863, 865, 875; 
S. Arcangeliiy 843*; S. cincin- 
natunty 796; S, crassuniy 793; 
S. crustaceunty 845*; S, Julianumy 
869; aS. Milleiy 843*; aS. myochrouSy 
794*, 865; S. pseudoguy anensBy 
843*; S. simplex y 843*; S. vein- 
tinumy 807 

Scytonemataceae, 790 et seq., 795, 
796, 806, 807, 837, 842^*, 861 
Scytonematopsisy 846, 861; aS. calo- 
trichoideSy 845* 

Scytonemine, 796 

Scytosiphon, 21, 50, 67, 103, 104*, 
1 12, 137, 140; aS. Lomentariay 7, 
27, 52, 103 et seq.*, 121*, 135*, 

137 

Scytothaluiy 10, 329, 369, 381; S, 
axillaris (syn.), 329; S. dorycarpay 

329 

Scytothamnusy 52, 114, 140; S, 
australis y lo, 114, 115*; S. hir~ 
sutusy 1 14 

Sea Palm (Postelsia)y 204 
Sea Urchins and Algae, 878 
Seasonal alternation, 129, 165, 318, 
625, 727, 731; — occurrence of sea- 
weeds, 5 

Sebdeniay 478. 657, 674. 74'; 5. 

Monardianay 406, 478, 658* 
Sebdeniaceae, 741 

Seconda^ increase, in Desmarestiay 
185; in Fucales, 360; in Gigar- 
tinales, 494, 495*, 497; in Lamina- 
riales, 232; in Sphacelariales, 268, 
269* 

Secondary pit-connections (of Flori- 
deae), 449, 509, 529 
Seguenzaeay 846, 861 
Seirococcusy 323, 329, 330, 351, 353, 
369, 381 ; S. axillarisy 328*, 329, 

352* 

Seirosporay 519, 585, 689, 714, 720, 
728^, 744; S. Griffithsianay 519, 
689, 726*, 728; S. occidentalisy 
726*, 728 

Separation-discs of Myxophyceae, 
805*, 806, 829, 842 
Sex-determination, 12 1, 248, 318, 

592 

Sexual reproduction, in Bangiales, 
431-4*; in Ceramiaceae, 683- 
94*; in Corallinaceae, 644-50*; 
in othei- Cryptonemiales, 630-44* ; 
in Cutleriales, 162-3*; in Dasya- 
ceae, 709-12*; in Delesseriaceae, 
694-701*; in Dictyotales, 313- 
17*; in Ectocarpales, 120-6*; in 
Florideae generally, 591-9*; in 
Fucales, 368-80*; in Gigartinales, 
656-73*; in Nemalionales, 608- 
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22*; in Rhodomelaceae, 701, 703- 
9*; in Rhodymeniales, 674-82*; 
in Sphacelariales, 291-3* 
Shade-forms among Algae, 4, 31, 
407, 408, 504, 785 

Sheaths of Myxophyceae, 769, 782, 
844, 865 

Sieve tubes of Laminariales, 24, 

232-4* 

Simonsiellay 871 

Simplices (sect. Laminaria) y 195 
Sinter-deposits and Myxophyceae, 
868 

Siphonales, 9, 12, 21 
Stphononema, 81 1, 820-2, 858, 859, 
861 ; S. polonicumy 821* 
Siphononemataceae, 861 
Sirodotiay 445, 454, 455, 456, 610, 
737; aS. suecicay 454*, 610, 61 1* 
Sitosterol, 405 

Slope of rock and seaweed-distribu- 
tion, 6, 382 

Soil-Algae, 832, 836, 865-6 
Sokoloviay 820 
Solenoporay 51 1 

Solentuiy 827, 861, 866; S. stratosay 
828* 

Solfataras, Algae of, 864 
Solieriay 662, 741 ; S. chordalis Harv. 
(syn.), 494; aS. chordalis (Ag.) J. Ag., 
662* 

Solieriaceae, 741 ; reproduction, 660- 
3*; vegetative structure, 494, 496 
Sorantheray 108-9*, *20, 140; S, 
ulvoideay 108, 109*, 130 
Sorbitol, 41 1 

Sori, of antheridia in Florideae, 594; 
of sex organs of Dictyotales, 313- 
15*; of unilocular sporangia in 
Phaeophyceae, 93, 100, 104, 107, 
109, III, 139, 159, 163, 173, 192, 
244, 311-12 

Sorocarpusy 55, 120, 130, 139; S. 

uvaeformiSy 55, 56*, 130 
Sorochlorisy 860, 861; S. aggregatay 

857* 

South Africa, algal flora, 8, 10, 12; 
Phaeophyceae of, 95, 172, 253-4, 
263, 323; Rhodophyceae of, 563, 


742, 744 

Southern Hemisphere, algal flora, 10; 


Phaeophyceae of, 19, 52, 17 1-2, 
253“4> 263, 302, 323; Rhodo- 
phyceae of, 480, 529, 540, 548, 


563, 566, 740, 742, 744 
Space parasites, 769, 872, 874 
SpatoglossuMy 310, 313 
SpelaeopogoHy 846, 861; S, Kashyapi 
(syn.), 846; S. lucifu^y 845*, 846 
Spermatangia of Florideae, 594; see 
also Antheridia 


Spermatia, 413, 433, S93. 596-7. 649 
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Spermatochnaceae, 88, 90-5*, 112, 
130, 139, 140 

SpermatochnuSf 21, 50, 90-3*, 132, 
136, 140, 190, 191; S, L^olisiiy 93; 
S. paradoxus f 90, 92*, 130, 131, 
135* 

Spermothamnion, 404, 450, 520, 523, 
687-9^, 691, 712, 722, 723-4, 
729-31, 744; hermaphroditum, 
520, 596; 5 . 520, 693*; 

S. roseoluniy 520, 683, 687, 688*, 
723» 725; S. Snyderae, 729, 730 *» 
731; S. Turneri, 413, 519*, 520, 
606, 723, 724, 731; S. Turneri f. 
intricata (syn.),' 520 
Sphacelaria, 190, 262 et seq.*, 300, 
320; S. bipinnatay 280*, 281, 283, 
291, 292*, 293; S. biradiatay 283, 
284; S, Bornetiy 263, 287; S, 
bracteatay 266, 286*, 287; S. britan- 
nicay 280*, 286* ; S, caespitulay 280*, 
281 ; 5 . cirrhosa, 261*, 263, 266, 281 
et seq.*; divaricatay 263, 285; 
S. furcigeray 7, 263, 266, 272*, 
273 » 283 et seq.*, 293; S. fuscUy 
283, 284; S. hystriXy 263, 269*, 271, 
281, 283, 284*, 286*, 293; S. Novae 
Caledoniacy 281; jS. olivaceay 262, 
263, 265, 266, 268, 271, 279, 280*, 
282*, 285, 287-9, 293 ; S.plumigeray 
262, 266, 268, 269*, 271, 279, 287; 
S. plumulay 262, 264*, 266, 268, 
271, 273, 281, 283 et seq.*; S. 
pulvinatUy 263, 266, 281 ; S. race- 
mosay 6, 262, 263, 266, 286*, 287; 
S. radicanSy 262, 263, 266, 271, 
27s, 2.11 y 280*, 281, 287; S, 
Reinkeiy 264*, 281, 286*, 287; S, 
spuria y 265; S. tribuloideSy 24, 263, 
271, 272*, 284, 299 
Sphacelariaceae, 300 
Sphacelariales, 25, 29, 37, 41, 138, 
156, 170, 260-301; classification, 
300; early development, 294-7*; 
geographical distribution, lo, 19, 
263; life-cycle, 40, 291-4; repro- 
duction, 38, 283-91*; vegetative 
structure, 21, 23, 32, 36, 37, 
264-83* 

Sphacellay 262, 266, 271, 281, 287, 
299, 300; S. subtilissimay 264* 
Sphaceloderma (syn.), 281 
Sphaerococcaceae, 742 ; reproduc- 
tion, 668-9; vegetative structure, 
461 

SphaerococcuSy 5, 407, 461, 668-9*, 
742; S. coronopifoliuSy 9, ii, 461, 
462* 585, 667*. 668* 
Sphaerotrichiay 80, 88, 89, 140; S. 

divaricatay 78*, 120, 130, 131 
Sphondylothamniony 520, 691, 744; 
S. multifiduntf 519*, 520 


Spirilluniy 877*, 878 
Spirocladiuy 746 
Spirogyray 606 

Spirulinay 787, 788, 800, 801, 832, 
861; S. Jenneriy 779*, 833*; S, 
princepSy 830*, 832 ; S. subsalsay 862 ; 
S. versicolor y 778 
Splachnidiaceae, 140 
Splachnidiunty 19, 52, 95, 96*, 140; 

S. rugosuniy 95, 96* 

Split-formation in Laminariales, 1 96, 
203, 220, 240-2* 

Sponges and Florideae, 581*, 583 
Spongomorphay 54 

Sporangia, see Mono- and tetra- 
sporangia, uni- and pluri locular 
sporangia; of Myxophyceae, 81 1, 
824, 827 

Sporochnales, 41, 49, 138, 139, 171- 
80, 260; early development, 173- 
5*; geographical distribution, 10, 
19, 171-3; reproduction, 40, 177- 
9*; vegetative structure, 21, 173—7* 
SporochnuSy 25, 172, 173 et seq.*; 
S. pedunculatuSy 9, 17 1 et seq.*, 

177, 178* 

Sporogenous threads (Florideae), 601 
Sporoglossunty 578 
Sporolithotiy 653, 741 
Sporophylls of Laminariales, 213 et 
seq. 

Spray zone, i, 326, 346 
Spyridiay 41 1 , 528-9*, 691-2*, 694, 
7i4> 744; S. aculeatUy 528*, 588; 
S, clavatay 528; S. filamentosay 
524*, 528*, 692* 

Squamariaceae, 741 ; reproduction, 
642-4*; vegetative structure, 444, 

5o»-4* 

Stauromatonemay 848, 858, 861, 863; 

S. viridcy 850* 

Stenocladiay 742 

Stenogrammay 496, 497, 670, 672-3*, 
674, 744; S. interruptay 489*, 496, 
606, 670, 672, 673* 

Sterile conceptacles, see Crypto- 
blasts 

Sterrocolax decipiens (syn.), 735 
Stichidia, 674, 716, 717, 719 
Stichosiphoriy 820, 822, 858, 861; 
S. regularisy 823* 

Stictothamnioriy 566, 746; cymati- 
phylunty 565* 

StictyosiphoHy 101-3*, 112, 138, 140, 
252; S. adriaticuSy loi, 138; S. 
Corbieriy loi, 138; S. soriferus, 
10 1, 102*, 1 16*; iS. subarticulatusy 
loi; S. tortilisy loi, 116*, 119, 138 
Stigma, 28, 40, 1 17, 162, 163, 187, 
247» 250, 316, 376 

Stigonemay 772, 778, 787, 791, 806, 
859, 862, 865, 87s; 5 . 
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hormoides, 854, 857*; S. informer 
857*; S, mafnillosunif 778, 779*> 
789* 791, 855-6, 857* 859: s. 
minutum, 806, 865; S. ocellatum, 
789* 796, 805* 854 
Stigonemataceae, 791, 806, 807, 81 1, 
846, 848, 852-7*, 859, 862 
Stigonematales, 769, 770, 791, 793, 
796, 804, 829, 848-56*, 858, 859, 
861 et seq. 

Stilophoroy 93-4*, 140; S. ^riaticay 
13 1 > 136; S. Lejolisii (syn.), 93; 
S. Lyngbaei (syn.), 90; S. rhizodeSy 
II, 33, 50, 94*, 130, 131, 135* 
Stilopsisy 93, 140 

Stipe of Laminariales, 192, 225-6; 
structure, 226-35* 

Storage elements, 234, 3 3 8, 358, 478, 
484^ 492, K25y 533 
Stragularia (syn.), 63 
Streams, Myxophyceae of, 769, 822, 
824, 863-4, 868; Phaeophyceae of, 
66 ; Rhodophyceae of, 398, 426,438, 
455, 464, 466, 504, 531, 552, 738 
Strehlonenuiy 58, 139; S. aequalcy 58, 
244; S. Cokeriy 124; S. corymhi- 
feruTHy 59*; S, voluhilisy 59* 



Strepsithaliay 89, 130, 140; S. Lia- 
goraey 89* 

Striaruiy 103 et seq.*, 140; S. at- 
tenuatay 103, 105*, 137 
Stromatocarpusy 746 
Stypocaulaceae, 300 
Stypocaulon (syn.), 263, 300; S, 
scoparium (syn.), 263 
Stypopodiuniy 308 

Subantarctic seaweeds, 10, loi, 323, 
344, 744 

Subarctic seaweeds, 8, 19, 117, 501, 

517 

Subcortex, 76 

Sublittoral region, i, 3, 4, 8 
Sugar alcohols, 33, 41 1 
Sugars, 400 

Sulphates in seaweeds, 34 
Sulphur, 24, 787, 860 
Sulphur-Bacteria, 860, 863 
Sun-forms among Algae, 4, 19, 31, 
383, 408, 785 

Supporting cell of Florideae, 592, 683 
Surf and seaweeds, 19, 215, 323, 382, 

383 

Symbiotic Myxophyceae, 769, 872-8 
SymphoricoccuSy 70, 140 
Symphyocarpusy 67, 140; S. strangu- 
lanSy 64* 

Symphyocladiay 560, 561, 563, 56i^, 
707, 746; 5. marchantioidesy 560 
et seq.* 


Symplocay 800, 803, 832, 861; S. 
hydnoideSy 833* 

Sympodial development, in Florideae, 
452, 492, 502, 518, 570, 572, 578, 
703, 738; in Phaeophyceae, 80, 
21 1, 273, 285, 287 
Synalissay 875; S. violaceay 873* 
Syncyanoses, 878 

Synechococcusy 800, 814-15, 861, 876; 
S, aeruginosusy 790; S, Cedrorumy 

815* 

Synechocystisy 814-15, 861, 876; 

S. sallensisy 789* 

Taeniomay 721-2, 746 ; T. perpusillunty 
II, 721* 

Tannins, 32, 262, 265, 584 
Taoniay 307-8,. 311 et seq., 315 et 
seq.; T. atomarUiy 9, ii, 26*, 302, 
307, 309* 

Temperature and geographical distri- 
bution, 7-9 ; and occurrence of 
Myxophyceae. 769, 863-5 
Temperature-relations of seaweeds, 
I, 2, 19, 382, 401 

Tendrils of Florideae, 481*, 484, 
486, 487*, 528*, 588-90* 

Terminal hetero^sts, 797-8, 842 
Terrestrial Bangiales, 423, 427, 430; 
Myxophyceae, 769, 771, 793, 795, 
804, 807, 814, 846, ^8, 852, »S5, 869 
Tetr^edral tetraspores, 6<^*, 683, 
714, 716 

Tetrapediay 790, 8i6, 861 ; T. crux- 
michaeliy 817*; T. morsay 817* 
Tetraploidy in Florideae, 724, 737 
Tetrasporangia, 602-4*; of Cera- 
miales, 712-19*, 729; of Coral- 
linaceae, 653-5*; of other Crypto- 
nemiales, 652-3; of Dictyotales, 
38, 302, 303*, 31 1- 1 3*; of Florideae 
generally, 415, 724; of Gelidiales, 
630; of Gigartinales, 673-5*; of 
Nemalionales, 625, 627; of Rhody- 
meniales, 682-3*; occurrence of, 
on sexual plants of Florideae, 723-4 
Thalassiophylluniy 197-200*, 203, 232, 
238, 253, 254; r. clathrusy 199* 
Thamnoclomumy 583, 740; T. Treubiiy 

581*, 583 

Thermal Myxophyceae, 864, 868 
ThiothriXy 860 

T/iorea, 738-9*; T. ramosissimay 738, 
739* 

Thoreaceae, 738 

Thuretellay 457--9» 632-3, 724, 74©; 

T. Schousboeiy 458*, 631* 
Thuretellopsisy 638, 639, 724 
Thuretiay 574, 576, 712, 719, 747; 
T. quercifoliay 576, 577*; T. tereSy 

576 

Thysanocladiay 741 
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TildemOf 846, 861 
Tilopteridiues, 41, 138, 148-57, 297; 
life-cycle, 153-6; reproduction, 
I49^53*» vegetative structure, 

23, 149 

Tilopteris, 148 et seq.*; T. Mertensiiy 
150* 152* 154* 

Time of reproduction of seaweeds, 6, 
316, 727 
Tinocladiay 82 

Tissue-tensions, in Phaeophyceae, 22, 
231, 356, 360; in Rhodophyceae, 

398 

Tolypothrix, 789*, 798, 799, 807, 
842-4^, 861, 863, 878; T. byssoidesy 
795; T. distortGy 805*, 843*; T. 
Elenkiniiy 844; T. lanatay 789*, 796; 
T. penicillatay 81 1, 863 ; T. rividarisy 
774*; T. tenuisy 779* 

Tongue-cell (of Fucales), 362, 363, 

TrailieHa, 520, 586, 714, 725 ; T. tntrt- 
catay 519*, 520, 586* 587, 713* 
Transition zone of Laminariales, 23, 
192, I95i 225, 229, 231, 236, 
*37 

Travertine, 867*, 868, 869 
Trehalose, 41 1, 786 
Trentepohliay 866 

Trichoblasts (of Rhodomelaceae), 
544-5, 549, 556, 572, 576, 701, 
707; morphological nature, 549-51 
Trichocytes (of Corallinaceae), 507 
Trichodesmiumy 829, 861, 862; T. 

erythraeuniy 784 
Tnchogloeay 469, 614, 616, 740 
Trichogyne, 413, 434, 592, 596, 599, 
610, 619, 635, 642 

Trichome of Myxophyceae, 769, 829 
Trichothallic growth, 23, 149; in 
Cutleriales, 159, 160*; in Des- 
marestiales, 184; in Ectocarpales, 
54, 87; in Myxophyceae, 837, 841* ; 
relation to apical growth, 23, 90, 

1 12, 349 

Triploidy in Florideae, 724, 731 
Tropics, algal flora, 3, 5, 9; Myxo- 
phyceae of, 769, 863, 865; Phaeo- 
phyceae of, 52, 302, 323, 334, 341 ; 
Rhodophyceae of, 510, 741 
Trumpet-hyphae of Laminariales, 
223, 231, 232-4* 

Tuomeyoy 466, 612, 738 ; T. fluviatilisy 
466, 467* 

Turhinariay 10, 19, 323, 343, 353, 
363, 366, 374, 382; T. dentatay 
342*; T. Murrayatuiy 342*; T. 
trialatOy 343 

Tumerellay 4^, 660, 741 ; T. atlantica 
(syn.), 496; T. Pacifica (syn.), 496; 
T, septentrionalisy 496 
TylotuSy 742 


Udoteay 12 

Ulonema rhizophorunty 61 
Ulopteryx (syn.), 215 
Ulothrix flaccay 2 

Ultra-violet rays and Phaeophyceae, 

uia , 98, 397; U. Lactucay 7, 408 
Ulvaceae, 23, 60, 96, 97, loi, 737 
Undariay 215, 216*, 237, 240, 253, 
254; U. pinnatifiday 214*, 239* 
Uniaxial construction, in Phaeophy- 
ceae, 21, 50, 78, 79, 87, 90, 190; in 
Rhodophyceae, 397, 445, 454-68, 
479-93, 517-78, 737-8 
Unilocular sporangia, 37, 38; of 
Cutleriales, 163, 164*; of Des- 
marestiales, 187; of Dictyotales, 
319; of Ectocarpales, 51, 116*, 
117-18, 122, 126, 128; of Lami- 
nariales, 244-7* y Sphacelariales, 
289, 291, 297; of Sporochnales, 
177; of Tilopteri dales, 153, 156 
Urosporay 2, 426; U. penicilliformis y 2 
Utriculidiumy 219 

Vacuoles, of Myxophyceae, 771-5 ; of 
Phaeophyceae, 25, 31, 35; of Rho- 
dophyceae, 402 
Vaginarieae, 831 

Varwoorstuiy 539, 699, 701, 716, 746; 

V, spectabilisy 540* 

Vaucheria piloholoideSy s 
Vegetative reproduction, in Dictyo- 
tales, 304, 308, 310, 319; in Ecto- 
carpales, 58, 73 ; in Florideae, 466, 
504, 518, 536, 556, 560, 588, 590, 
591, 627-8, 655; in Fucales, 383, 
384, 387, 388; in Laminariales, 
196, 218; in Myxophyceae, 804-7, 
836; in Sphacelariales, 281-5*, 
296*, 297; in Tilopteridales, 153 
Verrucaria, 2; V. mauray 2 
Vesicular cells of Florideae, 480-2*, 
520, 549, 585-8*, 619 
Vicarious species, 12 
Vickersuiy 520, 714, 744; V. haccatay 
520, 713* 

Vidaliay ii, 572, 705, 7i9, 747; 
V. spiralis y 572; V, volubilis, 571*, 

572 

Viscosity of protoplast, 401, 771 
Vitamines, 34, 412 
Volutin, 771, 776, 780, 787 

Warm-boreal seaweeds, 9 
Water-flowers, 772, 862, 863 
Wave-action and distribution of sea- 
weeds, 6, 382 

West Indies, seaweed vegetation of, 
9, 12 

WestielkLy 807, 852, 854, 862; W, 
lanosay 805* 
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Westiellopsis, 8^, 86a 
WoUea, 836, 801 ; W, siuxata, 834* 
Wound-healing, in Florideae, 590; 
in Fucales, 361*; in Laminarialea, 


Wrangelia, 457-9*» 523* 68jj-6« 691. 

457, 

». 686 * 693 ®, 713 * 

Wr^hneUa^ 7x6, 746; W, Tunumo^ 
tmczii, 745* 

Wwdemoanna^ 742; W, setacea, 743® 


Xanthophyceae, 32, 4a 
^thoi>hyU, 29 , 376, 405, 437, 761 
Xanthostphoma, 97, 146 
Xetiococcus, 824, 06 , 861; X. chroo- 
coccoides, 8a6*; X. Kertieri, 8a6* 
Xiphophara, 3, 323, 329, 344, 349, 
363, 370, 381 


Zanardinia, 28, 40, 157, z6z, Z63 et 
aeq., 169, 170; Z. cottons, 158 et 
aeq.*, 162*; Z. prototypus, 159 
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Zonaria, 169, 302, 308, 309^, 3zz, 
31a. 315. 319;.^. 

159; Z. Farlotm, 308, 309®, 31 x, 
3 X 2 * 3 I 4 *, 315, 318; Z.moa^ 3 <^, 
3XX, 3x5; Z. Mata, 3x5; 

308; Z. variegata, 302, 308, 3x2, 

^ 313, 319 ^ ^ ^ 

Zonate tetraaporea, 603*, 652, 673-4 

Zonation, in lakea, 863; on the aea- 
ahore, a, 193, 323, 38a, 398, 408, 
862 

Zooaporea, fuaion of among Phaeo- 
phyceae, 128, X31, 187, 292, 380; 
of Cuderialea, 164*; of Deamarea- 
tialea, 187; of Ectocarpalea, 1x8, 
xj8; of Laminarialea, 244-7*; of 
Phaeophyceae generally, 40; of 
Sphaoelanalea, 290*. 291 ; of Spo- 
rochnalea, X77; of Tilopteridaiea, 
153 

Zostera, 58, 80 

Zosterocar^, 55, xxp, 139, 299; 
Z. Oedogomum, 56* 





